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[57) "ABSTRACT

Novel N-substituted mercapmpropananude derivatives
of the formula:

Illz -‘ I
T |
Ry—CH—CH—=CONH—X~R;

wherein R is mercapto or a group convertible into
mercapto when cleaved within the biobody, W 1s hy-
drogen atom, an alkyl or an aralkyl, Rz is an aryl which
may optionally have substituent(s), a heterocyclic
group which may optionally have substituent(s), or an
alkyl which may optionally have substituent(s), X 1s a
cycloalkylene, a cycloalkylidene, or a phenylene which
may optionally have substituent(s) or may optionally be
fused with other ring, and Rj is carboxyl or a group
convertible into carboxyl when cleaved within the bio-
body, or a pharmaceutically acceptable salt thereof, and
a solid solution of said N-substituted mercaptopropana-
mide derivative with an amino acid, which have excel-
lent enkephalinase inhibitory activity and are useful for
the treatment of mild to moderate pain, and a pharma-
ceutical composition containing said compounds as an
active ingredient, and processes for prepanng these
compounds.

13 Claims, No Drawings
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N-SUBSTITUTED MERCAPTOPROPANAMIDE
DERIVATIVES

CROSS-REFERENCE TO RELATED
APPLICATION

- Thus is a continuation-in-part application of U.S. Ser.
- No. 503,969 filed on Apr. 4, 1990, now abandoned

which is in turn a continuation-in-part application of
U.S. Ser. No. 274,843 filed on Nov. 22, 1988, now aban- -

doned, and of U.S. Ser. No. 504,654 filed on Apr. 4,
1990 now U.S. Pat. No. 5,179,125 which is a divisional
application of U.S. Ser. No. 274,843 filed on Nov. 22,
1988 now abandoned.

This invention relates to novel N-substituted mercap-

)
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topropanamide derivatives or a salt thereof and a solid

solution of the derivative with an amino acid, which are
useful as an enkephalinase inhibitor. More particularly,

it relates to N-substituted mercaptopropanamide deriva-

tives of the formula:
lilz (I)
v

R;—CH—CH—CONH~X=R;

wherein R is mercapto or a group convertible into
mercapto when cleaved within the biobody, W is hy-
drogen atom, an alkyl or an aralkyl, R is an aryl which
may optionally have substituent(s), a heterocyclic
group which may optionally have substituent(s), or an

20

25

30

alkyl which may optionally have substituent(s), X is a

cycloalkylene, a cycloalkylidene, or a phenylene which
may optionally have substituent(s) or may optionally be
fused with other ring, and R3 is carboxyl or a group
convertible into carboxyl when cleaved within the bio-
body, or a pharmaceutically acceptable salt thereof, and
a solid solution of said N-substituted mercaptopropana-
mide derivative with an amino acid.

PRIOR ART

Enkephalin is an endogenous peptide which binds
‘specifically with morphine receptors and exhibits mor-
phine-like activity and has the following formula:

Tyr-Gly-Gly-Phe-A

~ wherein A is Met or Leu.
Although the physiological meaning thereof is still

unclear, i1t is assumed that it shows control of pain sensa-

tion, thermoregulation, regulation of neuroendocrine
function and further central action such as effects on
feeding or drinking behavior. Enkephalinase decom-
poses enkephalin by cleaving Gly3-Phe# bond thereof.
The compounds of this invention inhibit enkephali-
nase and thereby maintain the activity of enkephalin, by
which the compounds show analegesic activity and so
on. |
It is disclosed in Nature, 288, 286-288 (1980) that
thiorphan, i.e. [(D,L)-2-mercaptomethyl-3-phenylpro-
pionyl]glycine shows analgesic activity due to enke-
phalinase inhibitory activity by cerebroventricular ad-
ministration or parenteral administration. It is also
known that various other mercaptoalkanoylamide de-
rivatives show analgesic activity due to enkaphalinase
inhibitory activity (cf. Japanese Patent First Publication
(Kokai). Nos. 158746/1981, 148759/1984 and
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136554/1985, French Patent Publication No. 2,556,721,
South African Patent 8400670, etc.) |
The above literatures except Japanese Patent First

Publication (Kokai) No. 148759/1984 disclose the com-

pounds of the above formula (I) wherein X is an unsub-
stituted or substituted alkylene, and Japanese Patent
First Publication (Kokai) No. 148759/1984 (=Euro-
pean Patent Publication 0115997 and Australian Patent
Publication 568628) discloses the compounds of the
formula (I) wherein X is -(benzene)-CHj-. On the other
hand, the compounds of this invention are different
from these known compounds and are characteristic in
the X moiety, that is, they have the formula (I) wherein

- X 15 a cycloalkylene, a cycloalkylidene or a phenylene

which may optionally have substituent(s) or may op-
tionally be fused with other ring.

SUMMARY DESCRIPTION OF THE
INVENTION

An object of the invention is to provide novel N-sub-
stituted mercaptopropanamide derivatives or a salt
thereof, and a solid solution of the N-substituted mer-
captopropanamide derivative with an amino acid,
which can show analgesic activity even by oral adminis-
tration. Another object of the invention is to provide a
pharmaceutical composition comprising as an active

ingredient the compound as set forth above. A further

object of the invention is to provide a method for treat-
ing aches by administering the active compound to the
patients. A still further object of the invention is to
provide a method for preparing the sold solution.
These and other objects and advantages of the inven-
tion will be apparent to those skilled in the art from the
following description.

DETAILED DESCRIPTION OF THE
INVENTION

The N-substituted mercaptopropanamide derivatives
of the invention have the formula (I) described herein-
before.

The salts of the N-substituted mercaptopropanamide
derivatives include pharmaceutically acceptable salts,
for example, salts with alkali metals such as sodium,
potassium, etc., salts with alkaline earth metals such as

‘calcium, magnesium, etc., salts with basic amino acids

such as lysine, arginine, etc., salts with organic bases
such as triethylamine, dicyclohexylamine, etc., and the
like.

The “group convertible into mercapto when cleaved
within the biobody” includes, for example,
R4—CO—S— (wherein R4 is hydrogen atom, an alkyl,
a cycloalkyl, a cycloalkyl-alkyl, an alkoxy, or an aryl,
aralkyl, heterocyclic group, heterocyclic group-sub-
stituted alkyl, or aryloxyalkyl, these ring-containing
groups having optionally substitutent(s) on the ring, or
an N-(C1-C4) alkyl substituted or unsubstituted amino
group), Rs—S—S-— (wherein Rsis hydrogen atom, an
alkyl, a cycloalkyl, a cycloalkyl-alkyl, or an aryl, aral-
kyl, heterocyclic group, or heterocyclic. group-sub-

stituted alkyl, these ring-containing groups having op-

tionally substltuent(s) on the ring), or R¢CO—S—

- (wherein R¢CO— is a residue of an N-substituted or

unsubstituted amino acid).
The “alky]l” denotes an alkyl having 1 to 4 carbon
atoms, such as methyl, ethyl, propyl, 1sopropyl or butyl.
The substituent in the alkyl includes amino, a mono-

‘or di-(C1-Ca) alkyl substituted amino, hydroxy, a halo-
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gen (e.g. fluorine, chlorine, bromine or iodine), cyano,
an acyloxy, and the like.

‘The *“aralkyl” denotes a (Ci-Ca) alkyl substituted by
aryl as mentioned above, such as benzyl, phenyethyl,
naphthylmethyl, indenylmethyl, and the like.

The “ary}” includes, for example, phenyl, naphthyl,
indenyl, and the like.

The “heterocyclic group” includes, for example,
nitrogen-containing heterocyclic groups such as pyri-
dyl, pyrrolyl, pyrazinyl, imidazolyl, indolyl, quinolyl,
dihydropyridyl, pyrrolidinyl, or piperidyl; oxygen-con-
tamning heterocyclic groups such as furyl, pyranyl, dihy-
dropyranyl, chromanyl, or 1,3-dioxolanyl; sulfur-con-
taining heterocyclic groups such as thienyl; two or
more hetero atoms-containing heterocyclic groups such
as i1sothiazolyl, benzisoxazolyl, or morpholinyl.

‘The *“cycloalkylene” denotes a cycloalkylene having
3 to 7 carbon atoms, such as cyclopropylene, cyclobuty-
lene, cyclopentylene, cyclohexylene, or cyclohepty-
lene.

The “cycloalkylidene” denotes a cycloalkylidene
having 3 to 7 carbon atoms, such as cyclopropylidene,
cyclobutylidene, cyclopentylidene, cyclohexylidene, or
cycloheptylidene.

The *‘substituent on the ring” in aryl, aralkyl, hetero-
cyclic group, heterocyclic group-substituted alkyl, ary-
loxyalkyl, heterocyclic amidoalkyl and benzene-fused
lactony! includes, the substituted or unsubstituted alkyl
as mentioned above, phenyl, heterocyclic group, heter-
ocyclic group-substituted alkyl, hydroxy, a lower alk-
oxy, a lower alkylthio, nitro, cyano, a halogen, a mono-
or di-(C1-C4) alkyl substituted or unsubstituted amino,
an N-(C1-C4) alkyl substituted or unsubstituted amino-
(C1-C4) alkoxy, and the like.

The “ring to be fused with phenylene” includes ben-
zene, pyridine, piperidine, imidazole, oxazole, and the
like.

The “group convertible into carboxyl when cleaved
within the biobody” includes, for example, —COORj5
(wherein Ry i1s a cycloalkyl, a cycloalkyl-alkyl, an alk-
oxycarbonylalkyl, an N-substituted or unsubstituted
aminocarbonylalkyl, an acyloxyalkyl, a substituted or
unsubstituted alkyl, an alkoxycarbonyl, or an aryl, aral-
kyl, aryloxyalkyl, heterocyclic group, heterocyclic
group-substituted alkyl, heterocyclic amidoalkyl, or
benzene-fused lactonyl, these ring-containing groups
having optionally substituent(s), or an N-substituted or
unsubstituted aminocarbonyl), or —CONHRg (wherein
—NHRg means a residue of natural amino acids Wh.lCh
may optionally be esterified).

The “residue of N-substituted amino acids” denotes
residues of amino acids N-substituted by an acyl group
such as acetyl, propionyl, pivaloyl, benzoyl or cy-

clohexanecarbonyl, or by an N-protecting group such

as t-butyloxycarbonyl or benzyloxycarbonyl, and in-
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cludes, for example, N-(cyclohexanecarbonyl)-D-ala-

nine, N-(t-butyloxycarbonyl)-glycine,
ycarbonyl)-L-phenylalanine, and the like.

The “acyl” in acyloxy and acyloxyalkyl includes
acetyl, propionyl, pivaloyl, benzoyl, and the like.

The “lower alkoxy” denotes an alkoxy having 1 to 4
carbon atoms, such as methoxy, ethoxy, propoxy, and
butoxy.

The “lower alkylthio” denotes an alkylthio having 1
to 4 carbon atoms, such as methylthio, ethylthio, pro-
pylthio, and butylthio.

The *“halogen” includes fluorine, chlorine, bromine,
and iodine.

N-(benzylox-

65
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The “mono- or di-(Ci—C4) alkyl substituted amino”
includes methylamino, ethylamino, isopropylamino,
dimethylamino and diethylamino.

The “N-(C1-C4) alkyl substituted or unsubstituted
amino-(C1-Cy) alkoxy” includes methylaminomethoxy,
dimethylaminomethoxy, isopropylaminomethoxy, 2-
(dimethylamino)-ethoxy, aminomethoxy and 2-aminoe-
thoxy.

The *“cycloalkyl” denotes a cycloalkyl having 3 to 7
carbon atoms, such as cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, and cycloheptyl. -

The compounds of this invention contain asymmetric
carbon and hence may be present in the form of optical
1somers. Thus, the compounds of this invention include
R-i1somer, S-isomer, and a mixture of these isomers.

The compounds of this invention may also be present
in the form of a hydrate, which is included in this inven-
tion. |
Moreover, the compounds of the formula (I) wherein
R is mercapto may be present in the form of a dimer
which is bonded via —S—S— bond, which is also in-
cluded in this invention. |

The preferred compounds of this invention are the
compounds of the formula (I) wherein X 1s a (C;-Cy)
alkyl-substituted phenylene or unsubstituted phenylene,
more preferably, R; is mercapto or acetylthio, W is
hydrogen atom, R; is phenyl or isopropyl, and Rj is
carboxyl.

Particularly preferred compounds of this invention
are the compounds of the formula:

I'lz
W CH;

| |
Rj—CH=—CH-CONH—X—R3

(')

‘wherein R is —S—COR4 (Rq is C1-Cs alkyl), W is

hydrogen atom, Rz is phenyl, X 1s S-methylated 1,3-phe-
nylene, and Rj 1s carboxyl, or a pharmaceutically ac-
ceptable salt thereof.
Specifically preferred compounds are as follows.
3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino}-5-
methylbenzoic acid (compound of Example 1)
3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-5-
methylbenzoic acid (compound of Example 2)
3-[(2-Acetylthiomethyl-3-phenylpropionyl)aminc]-2-
methylbenzoic acid (compound of Exampie 3)
3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-2-
methylbenzoic acid (compound of Example 7)
3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino}-5-
ethylbenzoic acid (compound of Example 64)
3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-5-
ethylbenzoic acid (compound of Example 65)

3-[(2-Acetylthiomethyl-4-methylpentanonyl)amino]- 2-

methylbenzoic acid (compound of Example 175)
3-[(2-Acetylthiomethyl-4-methylpentanonyl)amino]-5-
methylbenzoic acid (compound of Example 176)
3-[(2-Mercaptomethyl-4-methylpentanonyl)amino]-
benzoic acid (compound of Example 186)
3-[(2-Mercaptomethyl-4-methylpentanonyl)amino}-2-
methylbenzoic acid (compound of Example 187)
3-[(2-Propionylthiomethyl-3-phenylpropionyl)amino}-
5-methylbenzoic acid (compound of Example 196)
The solid solution of the compound (I) of this inven-
tion with an amino acid can be prepared by mixing a
solution of the compound (I) of this invention in diox-
ane or t-butanol and a solution of an amino acid in water
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or a mixture of water and dioxane or t-butanol, followed
by lyophilization of the mixture. The amino acid in-
cludes, for example, glycine, phenylalanine, leucine,
asparagine, aspartic acid, 3-aminobenzoic acid.

Preferred solid solution is one with glycine. More
preferably, the solid solution is one of the compound of
the formula (I) wherein R is mercapto-or acethylthio,
W is hydrogen atom, Rj is phenyl, and X is a (C;-Cy)
alkyl-substituted phenylene or unsubstituted phenylene
with glycine.

Specifically preferred solid solutions are as follows.

Solid solution of 3-[(2-mercaptomethyl-3-phenylpro-
‘pionyl)amino]benzoic acid with glycine (compound of
Example 87)

Solid solution of 3-{(2-acetylthiomethyl- 3-phenylpro-
pionyl)amino]-5-ethylbenzoic acid with glycine (com-
pound of Example 103)

Solid solution of 3-[(2-mercaptomethyl-3-phenylpro-
pionyl)amino]-2-methylbenzoic acid with glycine (com-
pound of Example 104)
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Solid solution of 3- [(2-mercaptomethy1 -3-phenylpro-
pionyl)amino]-5-methylbenzoic acid with glycine (com- |

- pound of Example 105)

The compounds (I) of this invention can be prepared
by various processes, for example, by the following
processes.

(1) The compounds (I) of this invention are prepared
by reacting a compound of the formula:

H,N—X—R3 (1)

wherein X and Rj are as defined above with a com-
pound of the formula:

R; am
[
Ri—CH~CH—COOH

wherein R, R; and W are as defined above, or a reac-
tive derivative thereof. '

The above reaction can be carried out by the conven-
tional methods which are usually used in peptide syn-
thesis, as disclosed in Houben and Well, “Methoden der
Organischen Chemie, 15, second edition (1974); Nobuo
Izumiya, “Primer and Experiment in Peptide Synthe-
sis”’, 1ssued by Maruzen (1985), and others.

More specifically, the reaction can be carried out by
- reacting the compound (II) and the compound (III) in
the presence of a condensing agent or by reacting a
reactive derivative of the compound (III) with the com-

pound (II). The condensing agent includes dicyclohex-

ylcarbodiimide (abbreviated as “DCC”), l-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide
(abbreviated as *“EDC.HCI”), carbonyldiimidazole,
l-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, and
the like. Other reagents such as 1-hydroxybenzotriazole
(abbreviated as “HOBt”’) may be added to the reaction
system.

hydrochloride
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ters with alcohols or phenols such as 1-hydroxybenzo-
triazole, N-hydroxysuccinimide, N-hydroxyphthali-
mide, cyanomethanol, pentachlorophenol, 2,4,5-tri-
chlorophenol, 2,4-dinitrophenol, p-nitrophenol, and the
like. The acid halide includes, for example, acid chio-

ride, acid bromide, and the like, preferably acid chlo-

ride.

The above reaction is usually carried out in a solvent
at a temperature of —50° to 150° C., preferably —30° to
60° C. Suitable solvent may vary depending on the
kinds of the starting compounds and others, but in-
cludes, for example, aromatic hydrocarbons (e.g. ben-
zene, toluene, etc.), halogenated hydrocarbons (e.g.
dichloromethane, chloroform, etc.), ethers (e.g. tetrahy-
drofuran, dioxane, etc.), acetone, acetonitrile, ethyl
acetate, dimethylformamide (abbreviated as “DMEF”),
dimethylsulfoxide, pyridine, water, or a mixture of
these solvents. In case of a two phase solvent system,
the reaction may be carried out in the presence of a

phase transfer catalyst. (e.g. tetra-n-butyl-ammomum
“bromide, etc.).

When an acid is produced as a by-product in the
reaction, the reaction is preferably carried out in the
presence of an acid acceptor such as an base. The base
includes, for example, alkali metal hydroxides (e.g. so-
dium hydroxide, potassiom hydroxide, etc.), alkali
metal carbonates (e.g. sodium carbonate, potassium
carbonate, etc.), alkali metal hydrogen carbonates (e.g.
sodium hydrogen carbonate, potassium hydrogen car-
bonate, etc.), organic amines (e.g. triethylamine, N-
methylmorpholine, N,N-dimethylaniline, etc.), and the
like.
The starting compound (IT) may optmnally be used in
the form of an acid addition salt. o

When the starting compound (II) and/or (III) con-

- tains an amino group which does not participate in the
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The reactive derivative of the compound (III) in- -

cludes acid anhydride, mixed acid anhydride, activated
ester, acid halide, and the like. -

- The mixed acid anhydride includes, for example,
mixed anhydrides with alkyl chloroformates (e.g. ethyl
chloroformate, isobutyl chloroformate, etc.), mixed
anhydrides with aryl chloroformates (e.g. phenyl chlo-
roformate, etc.), mixed anhydrides with aliphatic car-
boxylic acids (e.g. pivalic acid, isovaleric acid, etc.), and

60
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the like. The activated ester includes, for example, es-

reaction, the amino group may optionally be protected,
and the protecting group is removed after completion
of the reaction. The protecting group includes any
groups which are usually used in peptide synthesis, for
example, t-butyloxycarbonyl, benzyloxycarbonyl and
the like.

The starting compounds (1I) and (III) can be pre-
pared by known methods or a modified method thereof.

The compounds of the formula (I) wherein R, is
mercapto and/or R3is carboxyl can preferably be pre-
pared by hydrolysis of the corresponding compound (1)
wherein the mercapto is protected by a lower alkanoyl
or benzoyl, and/or the carboxyl is protected by a lower
alkyl or benzyl, or alternatively by catalytic reduction
of the correspondmg compound (I) wherein R1 1s ben-
zylthio.

The hydrolysis can be carried out by contactlng the
protected compound (I) above-mentioned with water,
usually in the presence of a base. The base includes, for

example, alkali metal hydroxides (e.g. sodium hydrox-

ide, potassium hydroxide, etc.), alkali metal carbonates
(e.g. sodium carbonate, potassium carbonate, etc.), am-
monia, pyrrolidine, triethylamine, and the like. The
reaction is usually carried out in water, but may option-
ally be carried out in a mixture of water and other sol-
vents such as methanol, ethanol, dioxane, ethylenegly-
col dimethyl ether, benzene, pyridine, acetonitrile, and

- the like. The reaction temperature is usually in the
range of 0° to 150° C.
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The catalytic reduction is carried out, for example, by
treating the compound (I) wherein R11s benzylthio with
sodium metal in liquid ammonia.

The compounds (I) wherein R is mercapto may be
converted into various derivatives as follows. That is,
the compound is reacted with a compound of the for-
mula: R4—COOH (wherein R4 is as defined above),
R¢CO—OH (wherein R¢CO— is as defined above) or a
reactive derivative thereof by a conventional method to
- give the corresponding compound (I) wherein Ry is
R4—CO—S— (wherein R4 is as defined above) or
R¢CO—S— (wherein R¢CO— is as defined above).

Besides, the compound (I) wherein R is mercapto is
oxidized by a conventional method to give a dimer
thereof which is bonded via —S—S— bond. Reversely,
the dimer bound via —S—S— bond may be reduced by
a conventional method to give the compound (I)
wherein R is mercapto.

(2) Alternatively, the compounds (I) of this invention
can be prepared by reacting a compound of the formula:

lllz
W CH>

|
CH=C—CONH~X—R3

(IV)

wherein R;, W, X and Rj are as defined above, or a
compound of the formula:

R>

|
W CH;

| -
B—CH~~CH—CONH—X=~R3

(V)

wherein B is a reactive group, and Ry, W, X and Rz are
as defined above, with a compound of the formula:

Ri—H [\'2)
wherein R1 is as defined above.

The reactive group (B) in the compound (V) in-
cludes, for example, halogen atoms (e.g. chlorine, bro-
mine, or 1odine), lower alkylsulfonyloxy (e.g. me-
thanesulfonyloxy, etc.), arylsulfonyloxy (e.g. ben-
zenesulfonyloxy, p-toluenesulfonyloxy, etc.).

The reaction is usually carried out by stirring a mix-
ture of the starting compound (IV) or (V) and the start-

ing compound (VI) in a solvent or without using any
solvent at a temperature of 20° to 150° C. The solvent

5,210,266
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“includes the same solvents as used in the above process -

(1). When an acid i1s produced as a by-product, the
reaction is preferably carried out in the presence of an
acid acceptor such as a base like in the above process
(1). The starting compounds (IV) and (V) can be pre-
pared by a known method or a modified method
thereof.

53

(3) The compounds (I) wherein R3is a group convert- ¢,

ible into carboxyl when cleaved in the biobody can also
be prepared by reacting a compound of the formula:

R> (VII)

|
W CHj

| |
Rj—CH=—CH--CONH—X—COOH

65
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wherein R, Ry, W and X are as defibed above, or a
reactive derivative thereof with a compound of the
formula:

R;—OH (VII)
wherein Ry is as defined above, or a reactive derivative
thereof, or with a compound of the formula:

Rg—NH; (IX)
wherein Ry is as defined above.

The above reaction is usually carried out by reacting
the compound (VII) and the compound (VIII) or (IX)
in the presence of a condensing agent, reacting a reac-
tive derivative of the compound (VII) and the com-
pound (VIII) or (IX), or reacting a reactive derivative.
of the compound (VIII) and the compound (VII). The
condensing agent includes DCC, EDC.HCI, and the
like. An agent such as 4-dimethylaminopyridine may
also be added to the reaction system.

When the compound (VII) 1s used in the form of a
reactive derivative thereof, the reaction is carried out in
the same manner as in the above process (1). Besides,
when the compound (VIII) is used in the form. of a
reactive derivative thereof, the reaction is carried out in
the same manner as described in the above process (2).

The compounds (I) of this invention as prepared by
the above processes can be isolated and purified by
conventional methods such as chromatography, recrys-
tallization, or reprecipitation. Depending on the condi-
tions of isolation and purification, the desired product
may be obtained in the form of a salt or in a free form,
but these may be converted into each other form by
conventional method.

The optically active compounds of this invention
may be i1solated by resolution of the racemic mixture in
usual manner. Besides, when optically active starting
compounds are used, the desired compounds can be
obtained in the optically active form.

Pharmacological Activities

(1) Analgesic actmty (mouse phenylquinone writhing
test)

Female Std:ddy mice (weighing 18-22 g) were used.
Each animal was given intraperitoneally 10 ml/kg of
0.03% phenylquinone in 5% aqueous ethanol, and the
number of writhes was counted for 15 minutes, begin-
ning 5 minutes after the injection of phenylquinone.
Test compounds, suspended or dissolved in 0.5% gum
tragacanth aqueous solution, were given orally 30 min-
utes before the injection of phenylquinone. A reduction
in writhes counts greater than 50% of the vehicle con-
trol value was considered to be effective. The EDsp-
value was calculated from the effective rate according
to the method of Litchfield and Wilcoxon.

Besides, the inhibitory rate (%) of the test compounds
was also calculated when the test compounds were
orally administered in a dose of 100 mg/kg according to
the following formula:

A— B

Inhibitory rate (%) = y

X 100

wherein
A 1s average writhe counts of the vehicle control

group,
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B i1s average writhe counts of the test compound
- group. |
The test results are shown in Table 1.
As 1s shown in Table 1, the test compounds showed
much stronger analgesic activity than the reference 5
compound, thiorphan.

TABLE 1
"EDsg Inhibitory rate %
Test compounds (mg/kg, p.o.) (100 mg/kg, p.o.)

1* 22.3 92.0 10

2 16.6 —_

3 - 21.6 —

7 17.9 —

64 | 11.0 —_

65 22.9 —
87 101 —~ 15

103 9.3 —

104 6.0 —

105 7.3 —

175 ' 21.1 —

176 22.9 —
186 15.0 - 20

187 20.1
196 12.4 78.0
197 — 67.1
198 50.0 66.4

199 90.9 58.6

200 — 63.6 25
Thiorphan 137 32.7 .

*This 'mcans the number of working examples. (hereinaftcf the same)

(2) Enkephalinase inhibitory activity in vivo
(Potentiation of the analgesic activity of DAME)

Pressure pain was induced by pressing the tail of male
Std:ddy mice (weighing 20-26 g) using an apparatus for
pressure measurement. The pressure pain threshold
(biting response) was measured as mm. Test compound, 35
dissolved or suspended in 0.5% gum tragacanth aque-
ous solution, was given orally 30 minutes before intra-
cisternaly administration of D-Ala?-Met5-enkephalin
(DAME). Five minutes after administration of DAME,
the pressure pain threshold was measured, and the po- 40
tentiation activity of test compounds on the analgesic
effect of DAME was tested. The results are shown in
Table 2. -

As 1s clear from the results, the analgesic activity of
DAME was potentiated by the test compounds in a 43
dose-dependent manner. Accordingly, the test com-
pounds showed enkephalinase inhibitory activity in
VIVO.

30

10 _

washed three times with the same buffer and then sus-
pended in 15 volumes of 50 mM Tris-HCI buffer (pH
7.4) containing 1% Triton X-100, followed by incuba-
tion for 45 minutes at 37° C. After centrifugation for 1
hour at 100,000 X g, the supernatant was applied onto
DEAE-cellulose ion exchange chromatography col-
umn. The fraction containing enkephalin dipeptidylcar-
boxypeptidase was used as enkephalinase sample.

(1) Measurement of 'inhjbitcrry activity

After preincubation of test compound and enkephali-
nase for 5 minutes at 37° C., [’H]-leucine-enkephalin
(substrate) was added to the reaction mixture and then

the mixture was incubated for 1 hour at 37° C. (final

volume: 100 ul, final concentration of substarate: -20
nM). Ice-cold 0.2 N HCI was added to the mixture to
stop the reaction. Substrate and metabolites were sepa-
rated with TLC and Porapak Q@® column by the
method of Vogel and Alstein [FEBS Letters, 80, 332
(1977)). Enzyme activity was estimated from the pro-
duction rate of [3H]-Tyr-Gly-Gly. The ICsp-value of
test compounds was calculated from the inhibitory
rates, estimated from the difference between the en-
zyme activities in the absence and the presence of test

~compound. The results are shown in Table 3.

As is clear from the results, the test compounds
showed enkephalinase inhibitory activity in vitro.

TABLE 3
Test compounds | 1Cso (nM)
2 | | 54
7 1.5
65 46
68 (a)-[2] 2.1
186 8.4

187 7.8

As is clear from the above experiments (1) to (3), the
compounds of this invention show excellent analgesic
activity due to enkephalinase inhibitory activity and
hence are useful as a medicament for the treatment of
variety of mild to moderate pain such as postoperative
pain, post-trauma pain, dental pain and chronic pain
associated with arthritic diseases and musculoskeletal
disorders. Moreover, the compounds of this invention

“have low toxicity, and even by administration of the

compounds in a far larger amount than the therapeuti-
cally effective amount, no death of the experimental

- animals was observed.

TABLE 2 - 50

~ Test compounds EDsg (mg/kg, p.o.)

2 202
7 38.3
64 _ 20.8
68 (a)-2] 51.0
87 26.5 93

(3) Enkephalinase inhibitory activity in vitro
(1) Separation of enzyme 60

Enkephalm degrading enzymes were separated ac-
cording to the method described by Gorenstein and
Snyder (Life Science, 25, 2065 (1979)).

Male Std:Wistar rats were decapitated and the striata
were removed. These were homogenized in 30 volumes 65
of 50 mM Tris-HCI buffer (pH 7.4) and centrifuged for
15 minutes at 1,000 X g. The supernatant was centri-
fuged for 15 minutes at 50,000x g. The pellet was

The dosage of the compounds of this invention may
vary in accordance with the kinds of the compounds,
age and weight of the patients, the severity of the dis-
eases, and the administration routes, but is usually in the

range of 20 mg to 2 g per day. They can be administered

by oral or parenteral route.
The compounds of this invention are usually used in
a pharmaceutical preparation. The pharmaceutical

- preparation includes, for example, tablets, capsules,

granules fine granules, powders, syrups, solutions, sus-
pensions, injections, suppositories, and the like. These

~ preparations are prepared by admixing the compounds

of this invention with conventional pharmaceutical
carriers or diluents in a usual manner. The pharmaceuti-
cal carriers and diluents include any conventional carri-
ers or diluents which are used in the field of pharmaceu-

“tical preparations and are not affective to the com-
pounds of this invention. Suitable examples of the carri-

ers and diluents are lactose sugar, glucose, starch, man-
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nitol, dextrin, cyclodextrins, crystalline cellulose, meth-
ylcellulose, carboxymethyl cellulose sodium, water,
~ethanol, glycerin, propylene glycol, polyvinylpyrroli-
done, magnesium stearate, bentonite, talc, gum arabic,
gelatin, gum tragacanth, cacao butter, sodium laurylsul-
fate, white vaseline, paraffin, silicon, and the like.

The liquid preparations may be in the form which is
dissolved or suspended in water or any other solvent
-when used. Besides, the tablets, granules and fine gran-
ules may optionally be subjected to conventional coat-
ing. |
The compounds and preparations of thlS invention
are illustrated by the following Examples but should not
be construed to be limited thereto.

EXAMPLE 1

Preparation of
3-[(2-acety1thlomethyl -3-phenylpropionyl)amino]-5-
methylbenzoic acid:

3-Amino-5-methylbenzoic acid (1.9 g) is dissolved in
a 60% aqueous solution of tetrahydrofuran (30 ml) con-
taining triethylamine (2.3 g), and to the mixture is added
dropwise a solution of 2-acetylthiomethyl-3-phenyl-
propionyl chloride (3.2 g) in tetrahydrofuran (20 ml)
with stirring under ice cooling, and the mixture is
stirred at room temperature for 2 hours. Tetrahydrofu-
ran is distilled off under reduced pressure, and the resi-
due is extracted with ethyl acetate (100 ml). The extract
1s washed with saturated aqueous sodium chloride solu-
tion and dried over anhydrous sodium sulfate, and then
ethy! acetate is distilled off under reduced pressure. The
residue is dissolved in acetonitrile and purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-

ing the desired compound are collected and concen-

trated into dryness under reduced pressure to give the
title compound (2.4 g).

m.p.: 160°-161° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CooH1NO4S: Caled. (%):
C,64.67; H,5.70; N,3.77; S,8.63 Found (%): C,64.82;
H,5.82; N,3.82; S,8.64

EXAMPLE 2

Preparation of
3-[(2—mercaptomethyl -3-phenylpropionyl)amino]-3-
methylbenzoic acid

3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino}-5-
methylbenzoic acid (compound of Example 1) (1.7 g) is
dissolved in methanol (9 ml), and thereto is added 1 N
aqueous sodium hydrozxide solution (9 ml) under nitro-
gen, and the mixture is stirred at room temperature for
30 minutes. The reaction mixture is adjusted to pH 1 by
adding dropwise conc. hydrochloric acid, and the resi-
due is purified by a medium pressure column chroma-
tography with CHP-20P (eluant, water-acetonitrile).
The fractions containing the desired compound are
collected and concentrated into dryness under reduced
pressure to give the title compound (0.9 g).

m.p.: 177°-178° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CigH19NO3S: Caled. (%):
C,65.63; H,5.81; N,4.25; S,9.73 Found (%): C,65.87;
H,6.02; N,4.25; §,9.61
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EXAMPLE 3

_ Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2-
methylbenzoic acid |

(1) 2-Methyl-3-nitrobenzoic acid (§ g) is dissolved 1n
ethanol (50 ml) and the mixture is subjected to catalytic
reduction with 5% palladium carbon (0.25 g) at room
temperature for 5 hours. The catalyst is removed by
filtration, and the filtrate is concentrated to give 3-
amino-2-methylbenzoic acid (4.4 g).

m.p.: 188°-189° C.

IR (KBr; cm—1): 1620

Elementary analysis for CgHgNOz Calcd. (%):
C,63.56; H,6.00; N,9.27 Found (%): C,63.32; H,6.05;
N,9.43

(2) The compound prepared in the above (1) (1.9 g) is
dissolved in a 60% aqueous solution of tetrahydrofuran
(30 ml) containing triethylamine (2.3 g), and to the mix-
ture 1s added dropwise a solution of 2-acetylthiomethyl-
3-phenylpropionyl chloride (3.2 g) in tetrahydrofuran
(20 ml) with stirring under ice cooling, and the mixture

1s stirred at room temperature for 2 hours. Tetrahydro-

furan is distilled off under reduced pressure, and the
residue is dissolved in acetonitrile and purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-
ing the desired compound are collected and concen-
trated into dryness under reduced pressure to give the
title compound (1.8 g).

m.p.: 162°-163° C. (amorphous)

IR (KBr; cm—!): 1680, 1650

Elementary analysis for CyoH31NQ4S.0.25H50:
Calced. (%): C,63.90; H,5.76; N,3.73; §,8.53 Found (%):
C,64.01; H,5.71; N,3.82; S,8.74

EXAMPLE 4

Preparation of
2-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-5-
chlorobenzoic acid

In the same manner as described in Example 3 except
that 5-chloro-2-nitrobenzoic acid is used, there is pre-
pared the title compound as an oi1ly substance.

IR (film; cm—1): 1680

Elementary analysis for CigHj;sCINO4S.0.25H,50:
Calcd. (%): C,57.57; H4.70; C1,8.94; N,3.53; S,8.09
Found (%): C,57.77; H,4.81; C1,8.91; N,3.50; S,7.93

EXAMPLE 5

Preparation of
2-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-3-
- chlorobenzoic acid

In the same manner as described in Example 3 except
that 3-chloro-2-nitrobenzoic acid is used, there is pre-
pared the title compound. |

m.p.: 123°-127° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C19H13CINO4S: Calcd. (%):
C,58.24; H,4.63; CL9.05; N,3.57; §,8.18 Found (%)
C,58.28; H,4.76; Cl933 N,3.53; §,8.15 |
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EXAMPLE 6

Preparation of
2-[(2-acetylthiomethyl- 3-phenylpr0p10nyl)ammo]-4— |
chlorobenzoic acid 5

In the same manner as described in Example 3 except
that 4-chloro-2-nitrobenzoic acid is used, there is pre-
pared the title compound.

m.p.: 143°~-144° C. (amorphous)

IR (KBr; cm—1): 1660

Elementary analysis for CioH3CINO4S: Calcd. (%):
- C,58.24; H,4.63; C1,9.05; N,3.57; S,8.18 Found (%):
- C,58.27, H,4.77; C1,8.99; N,3.52; S,8.18 |

EXAMPLE 7
Preparation of

3 [(2-mercaptomethyl- 3-phenylpr0pmnyl)am1no] 2-
methylbenzoic acid

10

15

In the same manner as described in Example 2 except
that 3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-
2-methylbenzoic acid (compound of Example 3) is used,
there 1s prepared the title compound

- m.p.: 179°-181° C. (amorphous)

IR (KBr; cm—1): 1670, 1630 |

Elementary analysis for CigH19NO3S: Caled. (%):
C,65.63; H,5.81; N,4.25; §,9.73 Found (%): C,65.72;
H,5.95; N,4.16; S,9.92

EXAMPLE 8

Preparation of
2-[(2-mercaptomethyl-3-phenylpropionyl)amino}-5-
chlorobenzoic acid

20

30

In the same manner as described in Example 2 except
that 2-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-
S-chlorobenzoic acid (compound of Example 4) is used,
there is prepared the title compound. |

m.p.: 157°-158° C. (amorphous)

IR (KBr; cm—1): 1680, 1620

Elementary analysis for Cj7H16CINO3S: Calcd. (%):
C,58.37; H,4.61; Cl,10.13; N,4.00; S,9.17 Found (%)
C,58.41; H,4.65; Cl,10.21; N396 8891 |

EXAMPLE 9

35

Preparation of 45

2-[(2-mercaptomethyl-3-phenylpmpionyl)aminci]-44-
chlorobenzoic acid

In the same manner as described in Example 2 except
that 2-[(2-acetylthiomethyl-3-phenylpropionyl)amino]- 50
4-chlorobenzoic acid (compound of Example 6) is used,
there 1s prepared the title compound. '

m.p.: 134°-136° C. (amorphous)

IR (KBr; cm—1) 1650

Elementary analysis for C17H1601N03S Calcd. (%):
C,58.37; H,4.61; Cl1,10.13; N,4.00; §,9.17 Found (%):
C,58.22; H,4.67; C],10.35; N,4.01; S,9.06

EXAMPLE 10

Preparation of
3-f(2-acetylthiomethyl- 3-phenylprop10nyl)ammo]—4~(l-
pyrrolidinyl)benzoic acid

335

(1) 4-Chloro-3-nitrobenzoic acid (5.0 g) is suspended
in xylene (50 ml), and thereto are added triethylamine
(2.5 g) and pyrrolidine (2.0 g), and the mixture is re-
fluxed for 2 hours. To the reaction mixture is added
10% aqueous citric acid solution, and the precipitated
crystals are separated by filtration, washed with water

65

25

14

and dried to give 3-nitro-4- (l-pyrrolldmyl)benzmc acid
(5.6 2).

(2) The compound prepared in the above (1) (5 g)is
dissolved in ethanol (100 ml) and the mixture is sub-
jected to catalytic reduction with 10% palladium car-
bon (0.275 g) at 50° C for 5 hours. The catalyst is re-
moved by filtration, and in the filtrate is dissolved oxalic
acid (2.3 g), and the mixture is concentrated under re-
duced pressure. The resulting crystals are separated by
filtration and dried to give 3 ammo-4—(l—pyrrolld1nyl)

~ benzoic acid.hemioxalate (5.7 g).

(3) The compound prepared in the above (2) (1.6 g) is
dissolved in water (10 ml) containing sodium hydrogeén
carbonate (1.3 g), and to the mixture is added dropwise
a solution of 2-acetylthiomethyl-3-phenylpropionyl
chloride (1.6 g) in tetrahydrofuran (15 ml) with stirring
under ice cooling, and the mixture is stirred at room
temperature for one hour. Tetrahydrofuran is distilled
off under reduced pressure, and the residue is extracted
with chloroform (50 ml). The extract is washed with
10% aqueous citric acid soltuion, 5% aqueous sodium
hydrogen carbonate solution, and saturated aqueous
sodium chloride solution in this order, dried over anhy-
drous sodium sulfate, and chloroform is distilled off
under reduced pressure. The residue is dissolved in

“acetonitrile-water and purified by a medium pressure

column chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected and concentrated into dryness
under reduced pressure to give the title compound (0.9
g)-

m.p.: 217°-222° C. (amorphous)

IR (KBr; cm—1): 1650

Elementary analysis for Ca3H26N204S: Calced. (%):
C,64.77; H,6.14; N,6.57; S,7.52 Found (%): C,65.00:
H,6.19; N,6.80; S,7.11

EXAMPLE 11

Preparation of
3. [(2-acetylthiomethyl-3-phenylpropionyl)amino}-4-
piperidinobenzoic acid

In the same manner as described in Example 10, there
is prepared the title compound.

m.p.: 170°-174° C. (amorphous)

IR (KBr; cm—1): 1660 -

Elementary analysis for Cp4HgN204S: Calcd. (%):
C,65.43; H,6.41; N,6.36; S,7.28 Found (%) C,65.48,;
H,6.51; N,6.19; S,7.29 |

EXAMPLE 12

_ Preparation of
5-[(2-acetylthiomethyl-3-phenylpropionyl)amino}-2-(1-
pyrrolidinyl)benzoic acid

In the same manner as described in Example 10, there

~ 1s prepared the title compound.

m.p.: 176°~178° C. (amorphous)

IR (KBr; cm—1): 1660

Elementary analysis for C23H26N204S: Caled. (%)
C,64.77; H,6.14; N,6.57; S,7.52 Found (%): C6475
H,6.33; N,6.47; S,7.25
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EXAMPLE 13

Preparation of
5-[(2-acetylthiomethyl- 3-phenylpr0plonyl)am1no] 2-
dimethylaminobenzoic acid

In the same manner as described in Example 10, there

is prepared the title compound.

m.p.: 168°-169° C. (amorphous)

IR (KBr; cm=1): 1670

‘Elementary analysis for C21H24N204S: Calcd. (%):
C,62.98;, H,6.04; N,6.99; S,8.01 Found (%): C,62. 84
H,6.15; N710 8825

EXAMPLE 14

Preparation of methyl
3- [(2-acety1th10methyl 3-phenylpropionyl)amino]-4-(1-
pyrrolidinyl)benzoate

(1) 3-Amino-4-(1-pyrrolidinyl)benzoic acid.hemioxa-
late (5.0 g) is suspended in methanol (40 ml) and thereto
1s added p-toluenesulfonic acid (2.5 g), and the mixture
is refluxed for 3 hours. Mathanol is distilled off under
reduced pressure, and the residue is extracted with ethyl
acetate (100 ml). The extract is washed with 5% aque-
ous sodium hydrogen carbonate solution and saturated
aqueous sodium chloride solution in this order, dried
over anhydrous sodium sulfate, and ethyl acetate is
distilled off to give methyl 3-ammo-4~(1-pyrrohdmyl)
benzoate (3.4 g).

(2) The compound prepared in the above (1) (3.0 g) is
dissolved in chloroform (40 ml), and to the mixture is
added dropwise a solution of 2-acetylthiomethyl-3-
phenylpropionyl chloride (3.2 g) in chloroform (20 ml)
with stirring under ice cooling, and the mixture is
stirred at room temperature for 5 hours. The reaction
mixture is diluted with chloroform, washed with 5%
aqueous sodium hydrogen carbonate solution and satu-
rated agueous sodium chloride solution in this order,
dried over anhydrous sodium suifate, and chloroform is
distilled off under reduced pressure. The residue is dis-
solved in acetonitrile and purified by a medium pressure
column chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected and concentrated into dryness
under reduced pressure to give the title compound (1.1
g).

m.p.: 72°-75° C. (amorphous)

IR (KBr; cm—1): 1680, 1640

Elementary analysis for C4H73N204S: Caled. (%):
C,65.43; H,6.41; N,6.36; S,7.28 Found (%): C,65.39;
H,6.54; N,6.31; S,7.37

EXAMPLE 15

Preparation of methyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
morpholinobenzoate

(1) 4-Morpholino-3-nitrobenzoic acid prepared in the
same manner as in Example 10(1) (3.0 g) is dissolved in
methanol (15 ml), and thereto is added dropwise a 10%
solution of trimethylsilyldiazomethane in n-hexane in an
equimolar amount, and the mixture is stirred at room
temperature for one hour. Methanol is -distilled off
under reduced pressure, and the residue is extracted
‘with ethyl acetate. The extract is washed with 5% aque-
ous sodium hydrogen carbonate solution and saturated
aqueous sodium chlonide solution in this order, dried
over anhydrous sodium sulfate, and ethyl acetate is

16

distilled off under reduced pressure to give methyl 4-

- morpholino-3-nitrobenzoate (3.2 g).
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(2) The compound prepared in the above (1) (3.2 g) is
dissolved in methanol (65 ml) and the mixture 1s sub-
jected to catalytic reduction with 109% palladium car-
bon (0.16 g) at room temperature under atmospheric
pressure for 2 hours. The catalyst is removed by filtra-
tion, and the filtrate is distilled under reduced pressure
to give methyl 3-amino-4-morpholinobenzoate (3.0 g).

(3) The compound prepared in the above (2) (3.0 g) 1s
dissolved in chloroform (40 ml), and thereto is added
dropwise a solution of 2-acetylthiomethyl-3-phenylpro-
pionyl chloride (3.2 g) in chloroform (20 ml) with stir-
ring under ice cooling, and the mixture is stirred at
room temperature for 2 hours. The reaction mixture 1s
diluted with chloroform, washed with 5% aqueous

- sodium hydrogen carbonate solution and saturated

aqueous sodium chloride solution in this order, dried
over anhydrous sodium sulfate, and chloroform is dis-
tilled off under reduced pressure. The residue is dis-
solved In acetonitrile and purified by a medium pressure
column chromatography with CHP-20P (eluant, water-

~acetonitrile). The fractions containing the desired com-

pound are collected and concentrated into dryness
under reduced pressure to give the title compound (2.0
g) as an oily substance.
IR (film; cm—1): 1720, 1680
- Elementary analysis for CyqH2sN205S.H2O: Caled.
(%): C,60.74; H,6.37; N,5.90; S,6.76 Found (%):
C,60.61; H,6.14; N,5.66; S,6.50

EXAMPLE 16

Preparation of
3-[(2-mercaptomethyl 3-phenylpropionyl)amino]-4-(1-
pyrrolidinyl)benzoic acid

Metyl 3-[(2-acetylth10methyl-3-phenylpmpionyl)-
amino}-4-(1-pyrrolidinyl)benzoate (compound of Exam-
ple 14) (0.8 g) is dissolved in methanol (5§ ml), and
thereto 1s added 1 N aqueous sodium hydroxide solution
(5.5 ml) under nitrogen, and the mixture is stirred at
room temperature for 30 minutes. The reaction mixture
is acidified with hydrochloric acid and purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-

- ing the desired compound are collected and concen-

50
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trated into dryness under reduced pressure to give the
title compound (0.3 g).

m.p.: 229°-234° C, (amorphous, decomp.)

IR (KBr; cm—!): 1650 (broad)

Elementary analysis for C21H24N203S: Calcd. (%):
C,65.60; H,6.29; N,7.29; S,8.34 Found (%): C,65.33;
H,6.16; N,7.24; S,8.23

EXAMPLE 17

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-4-
morpholinobenzoic acid |

~ In the same manner as described in Example 16, there
is prepared the title compound.
- m.p.: 218°~222° C. (amorphous)

IR (KBr; cm—1): 1700, 1660

Elementary analysis for C21H24N204S: Calcd. (%)
C,62.98; H,6.04; N,6.99; S,8.01 Found (%): C,62.98;
H,6.04; N,7.01; §,8.29
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EXAMPLE 18

| Preparation of
- 3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-4-
| piperidinobenzoic acid

In the same manner as described in Example 2, there
1s prepared the title compound.

m.p.: 142°-146° C. (amorphous, decomp.)

IR (KBr; cm—1): 1660

Elementary analysis
Calcd. (%): C,64.13; H,6.73; N,6.80; S,7.78 Found (%)
C,63.72; H,6.43; N,6.61; §,7.70 |

EXAMPLE 19

Preparation of
5-[(2-mercaptomethyl-3-phenylpropionyl)amino}-2-(1-
pyrrolidinyl)benzoic acid

In the same manner as described in Example 2, there
1s prepared the title compound.

m.p.: 196°-198° C. (amorphous)

IR (KBr; cm—1): 1660

Elementary analysis for Cy1H24N203S: Caled. (%):
C,65.60; H,6.29; N,7.29; S,8.34 Found (%): C,65.65;
H,6.42; N,7.19; §,8.49

EXAMPLE 20

Preparation of
5-[(2-mercaptomethyl-3-phenylpropionyl)amino}-2-
dimethylaminobenzoic acid

-~ In the same manner as described in Example 2, there
is prepared the title compound.

m.p.: 85°-89° C. (amorphous)

IR (KBr; cm—1): 1670 (broad)

Elementary analysis for Cy19gH22N»03S: Calcd (%):
C,62.87; H,6.25; N,7.72; 8883 Found (%): C,62.81;
H,6.33; N783 5886

EXAMPLE 21

Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
methylbenzoic acid

3-Amino-4-methylbenzoic acid (1.5 g) is dissolved in
a solution of sodium hydrogen carbonate (1.68 g) in
water (25 ml), and to the mixture is added dropwise a
solution of 2-acetylthiomethyl-3-phenylpropionyl chlo-
ride (2.86 g) in tetrahydrofuran (8 mil) with vigorously
stirring, and the mixture is stirred at room temperature
for 3 hours. Tetrahydrofuran is distilled off at a low
temperature under reduced pressure, and the residue 1s
washed with diethyl ether and acidified with hydro-
chloric acid, and the resulting oily substance is ex-
tracted with ethyl acetate. The extract is washed with
saturated aqueous sodium chloride solution and dried
over anhydrous sodium sulfate, and then the solvent 1s
distilled off under reduced pressure. The oily residue 1s
purified by a medium pressure column chromatography

with CHP-20P (eluant, water-acetonitrile). The frac-

tions containing the desired compound are collected,
and acetonitrile is distilled off under reduced pressure,
and the precipitated crystals are separated by filtration
to give the title compound (1.93 g).

m.p.: 214°-216° C. (amorphous)

IR (KBr; cm=—1): 1680, 1650

Elementary analysis for CyoH21NO4S: Calcd. (%):
C,64.67; H,5.70; N,3.77; S,8.63 Found (%): C,64.73;
H,5.69; N,3.78; S,8.66
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EXAMPLE 22

Preparation of
1-[(2-acetylthiomethyl-3-phenylpropionyl)amino]cy-
CIOpmpanecarboxyhc acid

In the same manner as described in Exampie 21 there
is prepared the title compoud.

m.p.: 169°-171° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C151-119N04S Calcd. (%):
C,59.79; H,5.96; N,4.36; S,9.98 Found (%) C,59.75;
H,6.05; N,4.27; S,10.03

EXAMPLE 23

Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
hydroxybenzoic acid

In the same manner as described in Example 21, there
is prepared the title compound.

m.p.: 202°-206° C. (amorphous)

IR (KBr; cm—1): 1680, 1670

Elementary analysis for CijgH19NOsS: Calcd.- (%):
C,61.11; H,5.13; N,3.75; S,8.59 Found (%): C,61.26;
H,5.15; N,3.42; §,8.87

EXAMPLE 24

Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
chlorobenzoic acid

In the same manner as described in Example 21, there
is prepared the title compound.

m.p.: 204°-206° C. (amorphous)

IR (KBr; cm—1): 1680, 1660 o

Elementary analysis for C1oH1sCINO4S: Calcd. (%):
C,58.24; H,4.63; C1,9.05; N,3.57; §,8.18 Found (%):
C,58.33; H,4.73; Cl1,8.61; N,3.76; S,8.03

EXAMPLE 25

Preparation of
4-[(2-acety1thlomethyl 3-phenylpropionyl)amino}-3-
methylbenzmc acid

In the same manner as described in Example 21, there
is prepared the title compound.

m.p.: 183°-186° C. (amorphous)
IR (KBr; cm—1): 1680, 1650

Elementary analysis for CyoH21NO4S: Calcd. (%):
C,64.67; H,5.70; N,3.77; S,8.63 Found (%): C,65.06;
H,5.70; N,3.82; S,8.31

EXAMPLE 26

| Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
methoxybenzoic acid -

In the same manner as described in Example 21, there
is prepared the title compound. |

m.p.: 172°-175° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for Cy0H21NOsS: Calcd. (%):
C,62.00; H,5.46; N,3.62; S,8.28 Found (%): C,62.38;
H,5.52; N,3.64; §,7.93
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EXAMPLE 27

Preparation of
5-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2-
chlorobenzoic acid

2-Acetylthiomethyl-3-phenylpropionic acid (2.4 g) is
dissolved mn chloroform (20 ml) containing a few drops
of DMF, and to the mixture is added thionyl chloride (2
ml), and the mixture is refluxed for 30 minutes. Excess
thionyl chloride is distilled off under reduced pressure,
and the oily residue 1s dissolved in tetrahydrofuran (20
ml). To the mixture is added a solution of 5-amino-2-
chlorobenzoic acid (1.8 g) in 2 N aqueous sodium hy-
droxide solution with stirring under ice cooling which is
kept at pH 7.6. After 30 minutes, the mixture is acidified
with hydrochloric acid and thereto is added water. The
mixture is extracted with ethyl acetate. The extract is
washed with saturated aqueous sodium chloride solu-
tion and dnied over anhydrous sodium sulfate, and then
the solvent is distilled off under reduced pressure. The
oily residue is purified by a medium pressure column
chromatography with CHP-20P (eluant, water-acetoni-
trile). The fractions containing the desired compound
are collected, and acetonitrile is distilled off under re-
duced pressure, and the precipitated crystals are sepa-
rated by filtration to give the title compound (2.6 g).

m.p.: 163°-165° C. (amorphous)

IR (KBr; cm—1): 1670

Elementary analysis for CjoH18CINQO4S: Calced. (%)
C,58.24; H,4.63; Cl,9.05; N,3.57; S,8.18 Found (%):
C,58.47; H,4.76; Cl,8.97; N,3.54; S,7.97

EXAMPLE 28

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-4-
methylbenzoic acid

In the same manner as described in Example 2, there
1s prepared the title compound.

m.p.: 192°-194° C. (amorphous)

IR (KBr; cm—1): 1680, 1640

Elementary analysis for CigsH9NO3S: Calcd. (%)

C,65.63; H,5.81; N,4.25; S,9.73 Found (%): C,65.39;
H,5.87; N,4.12; §,9.83
EXAMPLE 29

Preparation of
1-[(2-mercaptomethyl-3-phenylpropionyl)amino]cyclo-
propanecarboxylic acid

In the same manner as described in Example 2, there
is prepared the title compound.

m.p.: 222°-224° C. (amorphous)

IR (KBr; cm—1): 1680, 1640

Elementary analysis for Ci4H17NO3S: Caled. (%)
C,60.19; H,6.13; N,5.01; S,11.48 Found (%): C,60.34;
H,6.14; N,4.99; S,11.52

EXAMPLE 30

Preparation of
3-[(2-mercaptomethyl- 3-phenylpr0plonyl)ammo]—4-
hydroxybenzoic acid

In the same manner as described in Example 2, there
1s prepared the title compound.

m.p.: 226°-227° C. (amorphous)

IR (KBr; cm—1): 1660
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Elementary analysis for Ci7H17INO4S: Caled. (%):
C,61.62; H,5.17: N,4.23; S,9.68 Found (%): C,62.04;
H,5.22; N,4.24; S,9.28

EXAMPLE 31

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino}
-4-chlorobenzoic acid

In the same manner as described in Example 2, there
is prepared the title compound.
-m.p.: 189°-191° C. (amorphous)
IR (KBr; cm—1): 1690, 1660 |
Elementary analysis for C17H16CINO3S: Calcd. (%):
C,58.37; H,4.61; C1,10.13; N,4.00; S,9.17 Found (%):
C,58.49; H,4.62; C1,10.05; N,4.01; S,9.38

EXAMPLE 32

Preparation of
4-[(2-mercaptomethyl-3-phenylproplenyl)ammo] 3-
methylbenzmc acid

In the same manner as described in Example 2, there
1s prepared the title compound.

m.p. 217°-218° C. (amorphous)

IR (KBr; cm—1): 1670, 1650

Elementary analysis for CigsHi9NO;3S: Calcd. (%)
C,65.63; H,5.81; N,4.25; S,9.73 Found (%): C,65.36;

H,5.86; N,4.37; §,9.73

EXAMPLE 33

| Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-4-
methoxybenzoic acid

In the same manner as described in Example 2, there
is prepared the title compound.

m.p.: 188°-192° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CigHi9gNO4S: Calcd. (%):

C,62.59; H,5.54; N,4.06; S,9.28 Found (%): C,62.68;

H,5.62; N,4.08; S,9.03

- EXAMPLE 34

Preparation of
5- [(Z-mercaptomethyl 3-phenylpropionyl)amino]-2-
chlorobenzoic acid

In the same manner as described in Example 2, there
is prepared the title compound.

m.p.: 190°-192° C. (amorphous)

IR (KBr; cm—1): 1690, 1650

Elementary analysis for C17H16CINQO;3S: Calcd. (%):
C,58.37; H,4.61; Cl,10.13; N,4.00; §,9.17 Found (%):
C,58.50; H,4.70; C1,10.06; N,4.03; S,8.97

EXAMPLE 35

35

65

Preparation of benzyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
methylbenzoate

3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino]-4-
methylbenzoic acid (compound of Example 21) (0.5 g),
4-dimethylaminopyridine (0.05 g), benzyl alcohol (0.17
g) and dichloromethane (20 ml) are mixed, and to the
mixture is added EDC.HCI (0.27 g) with stirring under
ice cooling, and the mixture 1s stirred at room tempera-
ture overnight. Dichloromethane is distilled off under
reduced pressure, and the residue is dissolved in ethyl
acetate, and the mixture is washed with 5% aqueous
sodium hydrogen carbonate solution, 10% hydrochlo-



5,210,266

21

ric actd and saturated aqueous sodium chloride solution
in this order and dried over anhydrous magnesium sul-
" fate, and then ethyl acetate is distilled off under reduced
pressure. The residue is dissolved in acetonitrile and
purified by a medium pressure column chromatography
with CHP-20P (eluent, water-acetonitrile). The frac-
tions containing the desired compound are collected
and the water and acetonitrile are distilled off under
reduced pressure to give the title compound (0.40 g).

m.p.: 134°-135° C. (amorphous)

IR (KBr; cm—1): 1720, 1680, 1650

Elementary analysis for CysH27NO4S:

Calcd. (%): C,70.26; H,5.90; N,3.03; S,6.95

Found (%): C,70.25; H,5.92; N,3.08; S,6.94

EXAMPLE 36

Preparation of
3- [[2-acety1thlomethyl 3- (4—methoxyphenyl)pmplonyl-
Jamino]benzoic acid sodium salt

A mixture of 2-acetylthiomethyl-3-(4-methoxy-
phenyl)propionic acid (5 g), thionyl chloride (5 ml) and
chloroform (50 ml) is refluxed for 30 minutes. The reac-
tion muxture 1s concentrated under reduced pressure,
and the residue 1s dissolved in tetrahydrofuran (50 ml).
3-Aminobenzoic acid (2.61 g) is suspended in water (20
ml) and the mixture is adjusted to pH 9.0 with 10%
aqueous sodium hydroxide solution and thereto is added

dropwise the above tetrahydrofuran solution. While

maintaining pH 7.5-8.0 with 1 N aqueous sodium hy-
droxide solution, the mixture is stirred under ice cooling
for 30 minutes and further at room temperature for one
hour. Tetrahydrofuran is distilled off under reduced
pressure, and the resulting aqueous solution is purified
by a medium pressure column chromatography with
CHP-20P (eluant, water-dioxane). The fractions con-
taining the desired compound are collected and lyophi-
lized to give the title compound (4.2 g). |

m.p.: 161°-163° C. (amorphous)

IR (KBr; cm—1): 1675, 1655
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Elementary analysis for C20H20NOsSNa: Calcd. (%): 45

C,58.67; H,4.92; N,3.42; S,7.83; Na,5.62 Found (%):
C,58.37; H,5.10; N,3.36; S,8.07; Na,5.78

EXAMPLE 37

Preparation of
3-[[2-acetylthiomethyl-3- (4-methoxyphenyl)pmplonyl-
Jamino]benzoic acid

3.[[2-Acetylthiomethyl-3-(4

50

methoxyphenyl)-pro-

'pionyl]amino]benzoic acid sodium salt (compound of ss

Example 36) (1.5 g) is dissolved in water (30 ml), and
the mixture is adjusted to pH 3.0 with 1 N hydrochloric
acid with stirring under ice cooling, and the mixture is
extracted with ethyl acetate (50 ml). The extract is
washed with water and dried over anhydrous magne-

sium sulfate, and then distilled under reduced pressure

to give the title compound (1.0 g).

m.p.: 124°-126° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CyoH21NOsS: Calcd. (%):
C,62.00; H,5.46; N,3.62; S,8.28 Found (%): C,61. 98
H,5.44; N,3.47; §,8.48
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EXAMPLE 38

~ Preparation of
3-[(2-acetylthiomethyl-5- phenylpentanoyl)ammo]
benzoic acid sodium salt

A mixture of 2—acet'y1thiomethy1-S-phenylvalcric acid

(5.5 g), thiony! chloride (6 ml) and chloroform (50 ml)

is refluxed for one hour. The reaction mixture is con-
centrated under reduced pressure. The residue is dis-
solved in tetrahydrofuran (50 ml). 3-Aminobenzoic acid
(2.9 g) is suspended in water (20 ml) and the mixture 1s
adjusted to pH 9.0 with 10% aqueous sodium hydroxide
solution. To the mixture is added dropwise the above
tetrahydrofuran solution with stirring under ice cool-
ing. While maintaining at pH 7.5 with 1 N aqueous
sodium hydroxide solution, the mixture is stirred under
ice cooling for 30 minutes and further at room tempera-
ture for one hour. Tetrahydrofuran is distilled off under
reduced pressure, and the resulting aqueous solution 1s
purified by a medium pressure column chromatography
with CHP-20P (eluant, water-dioxane). The fractions
containing the desired compound are collected and
lyophilized to give the title compound (3.4 g).

m.p.: 150°~153° C. (amorphous)

IR (KBr; cm—!): 1680, 1650

Elementary analysis for C21H23N04SNa 0. 25H20
Caled. (%): C,61.08; H,5.74; N,3.39; S,7.76; Na,5.57
Found (%): C,60.91; H558 N,3.42; S785 Na,S 82

EXAMPLE 39

- Preparation of |
3- [(2-acetylth10methyl—5-phenylpentanoyl)ammo]ben—
zoic acid

- 3-[(2-Acetylthiomethyl-5-phenylpentanoyl)amino}-
benzoic acid sodium salt (compound of Example 38)
(1.5 g) is dissolved in water (30 ml), and the mixture is
adjusted to pH 2.5 with 10% hydrochloric acid under
ice cooling, and the mixture i1s extracted with ethyl
acetate (50 ml). The extract 1s washed with water and
dried over anhydrous magnesium sulfate, and then ethyl
acetate is distilled off to give the title compound (1.1 g).

m.p.: 142°~145° C. (amorphous) |

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C1H24NO4S: Calced. (%)

C,65.26; H,6.26; N,3.62; S,8.30 Found (%): C,65.51;

H,6.09; N,3.47; 8846

EXAMPLE 40

Preparation of
3-[[2-acetylthiomethyl-3-(4-fluorophenyl)propionyl-
Jamino]benzoic acid sodium salt

A mixture of 2-acetylthiomethyl-3-(4-fluorophenyl)-
propionic acid (5.7 g), thionyl chloride (6 ml) and chlo-
roform (50 ml) is refluxed for one hour. The reaction
mixture is concentrated under reduced pressure. The
residue is dissolved in tetrahydrofuran (50 ml). 3-
Aminobenzoic acid (3.05 g) is suspended in water (20
ml) and the mixture is adjusted to pH 9.0 with 10%
aqueous sodium hydroxide solution. To the mixture is
added dropwise the above tetrahydrofuran solution.
While maintaining at pH 8.0 with 1 N aqueous sodium

- hydroxide solution, the mixture 1s stirred under ice

65

cooling for 30 minutes and further at room temperature
for one hour. Tetrahydrofuran is distilled off under
reduced pressure, and the resulting aqueous solution is
purified by a medium pressure column chromatography
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with CHP-20P (eluant, water-dioxane). The fractions
containing the desired compound are collected and
lyophilized to give the title compound (5.6 g).

m.p.: 155°-157° C. (amorphous) |

IR (KBr; cm—1): 1680, 1650 5

Elementary analysis for Cj9H;17FNO4SNa.0.5H,0:
Calcd. (%): C,56.15; H,4.46; F,4.67; N,3.45; S,7.89;
Na,5.66 Found (%): C,55.91; H,4.67; F,4.61; N,3.38;
S,7.98; Na,5.89

EXAMPLE 41 10
Preparation of
3-[{2-acetylthiomethyl-3-(4-fluorophenyl)propionyl-
Jamino]benzoic acid
15

3-[[2-Acetylthiomethyl-3-(4-fluorophenyl)-pro-
plonyl]amino)benzoic acid sodium salt (compound of
Example 40) (0.5 g) is dissolved in water (10 ml), and
the mixture is adjusted to pH 2.5 with 1 N hydrochloric
acid with stirring under ice cooling, and the mixture is
extracted with ethyl acetate (20 ml). The extract is 20
washed with water and dried over anhydrous magne-
sium sulfate, and then ethyl acetate is distilled off to
give the title compound (0.4 g).

m.p.: 172°-174° C. (amorphous)

IR (KBr; cm—1): 1680, 1640

Elementary analysis for CioH13FNO4S: Calcd. (%):
C,60.79; H,4.83; F,5.06; N,3.73; S,8.54 Found (%):
C,60.75; H,4.89; F,5.09; N,3.64; S,8.49

EXAMPLE 42

Preparation of
3-[[2-mercaptomethyl-3-(4-methoxyphenyl)propionyl-
Jamino]benzoic acid sodium salt

25

30

3-[[2-Acetylthiomethyl-3-(4-methoxyphenyl)-pro-
pionylJamino]benzoic acid sodium salt (compound of
Example 36) (2.0 g) is dissolved in water (20 ml), and
the mixture 1s adjusted to pH 12.0 with 1 N aqueous
sodium hydroxide solution under nitrogen. After react-
Ing at room temperature for one hour, the reaction
mixture 1S adjusted to pH 8.0 with 10% hydrochloric
acid and is purified by a medium pressure column chro-
matography with CHP-20P (eluant, water-acetonitrile).
The fractions containing the desired compound are
collected, and acetonitrile is distilled off under reduced
pressure and then lyophilized to give the title com-
pound (0.7 g).

m.p.: 161°-163° C. (amorphous)

IR (KBr; cm—1): 1650

Elementary analysis for CjgH;jsNO4SNa.1.25H,0:
Caled. (%): C,55.45; H,5.30; N,3.59; S,8.22; Na,5.90
Found (%): C,55.40; H,5.06; N,3.61; S,8.69; Na,6.37

EXAMPLE 43

Preparation of
3-[[2-mercaptomethyl-3-(4-methoxyphenyl)propionyl-
Jamino]benzoic acid

35

40

45

50

35

3-[[2-Acetylthiomethyl-3-(4-methoxyphenyl)-propio- -
nyl] amino]benzoic acid sodium salt (compound of Ex-
ample 36) (1.8 g) is dissolved in water (30 ml), and the
mixture is adjusted to pH 12.0- with 10% aqueous so-
dium hydroxide solution under nitrogen. After reacting
at room temperature for one hour, the reaction mixture
- 18 adjusted to pH 2.5 with 10% hydrochloric acid. The
mixture is extracted with ethyl acetate (50 ml). The
extract is washed with water and ethyl acetate is dis-
tilled off. The residue is purified by a medium pressure
column chromatography with CHP-20P (eluant, water-
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acetonitrile). The fractions containing the desired com-
pound are collected, and acetonitrile is distilled off
under reduced pressure and the residue is lyc)phlhzed to
give the title compound (0.6 g).

m.p.: 184°-185° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CijgHi9NQ4S.H,0: Calcd.
(%): C,59.49; H,5.82; N,3.85; S,8.82 Found (%):
C,59.10; H,5.28; N,3.84; S,8.64

EXAMPLE 44

Preparation of
3-{[2-mercaptomethyl-3-(4-fluorophenyl)propionyl-
Jamino}benzoic acid

3-[[2-Acetylthiomethyl-3-(4-fluorophenyl)-pro-
pionylJamino}benzoic acid sodium salt (compound of
Example 40) (1.2 g) is dissolved in water (20 ml), and
the mixture ts adjusted to pH 12.0 with 10% aqueous
sodium hydroxide solution under nitrogen. After react-
ing at room temperature for one hour, the reaction
mixture is adjusted to pH 2.5 with 109 hydrochloric
acid. The mixture is extracted with ethyl acetate (50
ml). The extract is washed with water and ethyl acetate
1s distilled off. The residue is purified by a medium
pressure column chromatography with CHP-20P (elu-
ant, water-dioxane). The fractions containing the de-
sired compound are collected and lyophilized to give
the title compound (0.6 g).

m.p.: 180°-182° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C17H16FNO3S: Calced. (%):
C,61.25; H,4.84; F,5.70; N,4.20; S,9.62 Found (%):
C,61.11; H,4.86; F,5.70; N,4.08; S,9.63

EXAMPLE 45

Preparation of
3-{[2-acetylthiomethy]l-3- (4-dm1ethy1amanphenyl)pro-
- pionyljamino]benzoic acid

A mixture of 2-acetylthiomethyl-3-(4-dimethylamino-
phenyl)propionic acid (2.0 g), thionyl chloride (2 ml)
and chloroform (20 ml) is refluxed for 30 minutes. The
reaction mixture is concentrated under reduced pres-
sure. The residue is dissolved in tetrahydmfuran (30
ml). 3-Aminobenzoic acid (1.1 g) is suspended in water
(10 ml) and the mixture is adjusted to pH 9.0 with 10%
aqueous sodium hydroxide solution. To the mixture is
added dropwise the above tetrahydrofuran soltuion
with stirring under ice cooling. While maintaining at pH
7.5-8.0 with 1 N aqueous sodium hydroxide solution,
the mixture is stirred under ice cooling for 30 minutes

- and further at room temperature for one hour. Tetrahy-

drofuran is distilled off under reduced pressure, and the
resulting aqueous solution is adjusted to pH 4.5 with 1 N
hydrochloric acid and purified by a column chromatog-
raphy with Diaion HP-20 (eluant, water-acetonitrile).
The fractions containing the desired compound are
collected, and acetonitrile is distilled off under reduced
pressure, and the residue is extracted with ethyl acetate.
The extract is dried over anhydrous magnesium sulfate,
and ethyl acetate is distilled off to give the title com-
pound (0.7 g).

m.p.: 71°-73° C. (amorphous)

IR (KBr; cm—1): 1680, 1660

Elementary analysis for Cy1H24N204S: Calcd. (%):

C,62.98; H,6.04; N,6.99; S,8.01 Found (%): C,62.65;
- H,6.21; N,6.96; S,8.08
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EXAMPLE 46

Preparation of
3 [[2-acetylthiomethyl-3- (4-methy]phenyl)pmplonyl-
| Jamino]benzoic acid

In the same manner as described in Example 45, there

is prepared the title compound.
m.p.: 174°-175° C. (amorphous)

IR (KBr; cm—1): 1680, 1650 10
Elementary analysis for CyoH1NO4S: Calcd. (%):
C,64.67; H,5.70; N,3.77; S,8.63 Found (%): C6466
H,5.79; N,3.76; S,8.46
EXAMPLE 47 15

Preparation of 3-[[2-acetylthiomethyl-3-(4-benzyl-
2-morpholinyl)propionyl}aminolbenzoic acid (a
mixture of diastereomers)

In the same manner as described in Example 45, there 20
is prepared the title compound.

m.p.: 103°-105° C. (amorphous)
. IR (KBr; cm—1): 1670, 1650

Elementary analy51s for Cy4H»3N2058.0.25H;0:
Calcd. (%): C,62.52; H,6.23: N,6.08; S,6.95 Found (%): 25
C,62.60; H,6.26; N,6.08; S,6.64

EXAMPLE 48

Preparation of
3-1[2- acety]thlomethyl 3-(3-pyridypropionylJaminol-
benzoic acid

30

In the same manner as described in Example 45, there
1s prepared the title compound.

m.p.: >200° C. (white needles) 35
IR (KBr; cm—1): 1680, 1650
Elementary analysis for CigHigsN204S: Caled. (%):
C,60.32; H,5.06; N,7.82; S,8.95 Found (%): C,59.98;
H,5.09; N,8.01; §,8.85 |
40
EXAMPLE 49
Preparatlon of
3-[[2-acetylthiomethyl-3- (3-benzlsoxazolyl)propmnyl-
Jamino]benzoic amd 45

In the same manner as described in Example 45, there
is prepared the title compound.
~ m.p.: 185°~187° C. (amorphous) (dissolving in water-
dixane, followed by lyophilization)
IR (KBr; cm—1): 1680, 1640
Elementary analysis for CyoH18N205S: Caled. (%)
C,60.23; H,4.55; N,7.03; S,8.05 Found (%): C,60.28;
H,4.62; N,6.85; S,7.75 '

50

33

"EXAMPLE 50
- Preparation of
3-[[2-acetylthiomethyl-3-(2,4-difluorophenyl)pro-
pionyljamino]benzoic acid
60

In the same manner as described in Example 45 there
is prepared the title compound.

m.p.: 164°-166° C. (amorphous) (dissolving in water-
dioxane, followed by lyophilization)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CigH17F2NQ4S: Calcd. (%):
C,58.01; H,4.36; F,9.66; N,3.56; S,8.15 Found (%):
C,58.24; H,4.40; F,9.58; N,3.47; §,8.04
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EXAMPLE 51

Preparation of

. 3-[[2-mercaptomethyl-3- (4-dimethylaminophenyl)pro-

pionyl}laminojbenzoic acid

3-[[2-Acetylthiomethyl-3-(4-dimethylaminophenyl)-
propionyl]amino]benzoic acid (compound of Example
45) (2.6 g) is dissolved in 50% aqueous methanol (30
ml), and the mixture is adjusted to pH 12.0 with 10%
aqueous sodium hydroxide solution under nitrogen.
After reacting at room temperature for one hour, the
reaction mixture is adjusted to pH 4.5 with 10% hydro-
chloric acid, and methanol is distilled off. The resulting
aqueous solution is purified by a medium pressure col-
umn chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected, and acetonitrile is distilled off and
the residue is lyophilized to give the titte compound (0 7
g).

m.p.: 91°-93° C. (amorphous)

IR (KBr; cm—1): 1650

Elementary analysis for Cj9H2:N203S8.0.25H,0:
Calcd. (%): C,62.87; H,6.25; N,7.72; S,8.83 Found (%):
C,62.60; H,6.27; N,7.57; §,9.02

EXAMPLE 52

Preparation of
3-[[2-mercaptomethyl-3-(4-methylphenyl)propionyl-
Jamino]benzoic acid

In the same manner as described in Example 51, there
is prepared the title compound.
- m.p.: 188°-190° C. (amorphous)

IR (KBr; cm—1): 1680, 1650 ,

Elementary analysis for CigH19NO3S: Calcd. (%):
C,65.63; H,5.81; N,4.25; §5,9.73 Found (%): C,65.55;
H,5.97; N,4.15; §,9.91

EXAMPLE 53

Preparation of

' 3-[[2-mercaptomethyl-3-(4-benzyl-2-morpholinyl)pro-

pionyljamino]benzoic acid (a mixture of diastereomers)

3-[[2-Acetylthiomethyl-3-(4-benzyl-2-morpholinyl)-
propionyl]amino}benzoic acid (compound of Example

- 47) (1.0 g) 1s dissolved in 50% aqueous methanol (20

ml), and the mixture is adjusted to pH 12.0 with 10%
aqueous sodium hydroxide solution under nitrogen.

After reacting at room temperature for one hour, the

reaction mixture is adjusted to pH 4.5 with 10% hydro-

chloric acid, and methanol is distilled off under reduced

pressure. The residue is extracted with ethyl acetate,
and the extract is washed with water and ethyl acetate
is distilled off. The residue is purified by a medium

pressure column chromatography with CHP-20P (elu-

ant, water-acetonitrile). The fractions containing the
desired compound are collected, and acetonitrile is
distilled off under reduced pressure and the residue is
lyophilized to give the title compound (0 3 2).

m.p. 110°~112° C. (amorphous)

IR (KBr; cm—1): 1660
- Elementary analysis for CaoH27N204S: Calcd. (%):
C,63.59; H,6.55; N,6.74; S,7.72 Found (%): C63 22;
H652 N,6.50; S,7.74
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EXAMPLE 54

Preparation of
3-[[2-mercaptomethyl-3-(3-pyridyl)-propionyljamino]-
benzoic acid

In the same manner as described in Example 51, there

is prepared the title compound.

m.p.: 94°-97° C. (amorphous)

IR (KBr; cm—1): 1680

Elementary analysis for Ci6H16N203S: Caled. (%):
C,60.74; H,5.10; N,8.85; S,10.13 Found (%): C,60.32;
H,5.17; N,8.78; S,9.91

EXAMPLE 55

Preparation of
3-[(2-mercaptomethyl-5-phenylpentanoyl)amino]
benzoic acid

In the same manner as described in Example 51, there
1s prepared the title compound.

m.p.: 134°-136° C. (amorphous) (dissolving in water-
dioxane, followed by lyophilization)
- IR (KBr; cm—1): 1680, 1650

Elementary analysis for Ci9gH21NO3S: Caled. (%):
C,66.45; H,6.16; N,4.03; S,9.34 Found (%): C,66.60;
H,6.27; N,3.99; §,9.20

EXAMPLE 56

Preparation of
3-[[2-mercaptomethyl-3-(3-benzisoxazolyl)propionyl-
Jamino]benzoic acid

In the same manner as described in Example 51, there
Is prepared the title compound.

m.p.: 207°-209° C. (amorphous) (lyophilization prod-
uct)

IR (KBr; cm—1): 1690, 1640

Elementary analysis for CjgH16N204S: Calcd. (%):
C,60.66; H,4.53; N,7.86; S,9.00 Found (%): C,60.92;
H,4.72; N,7.56; S,8.84

EXAMPLE 57

Preparation of
3-[[2-mercaptomethyl-3-(2, 4-d1ﬂuor0pheny1)pr0p10nyl-
Jamino]benzoic acid

In the same manner as described in Example 51, there
Is prepared the title compound.

m.p.: 168°-170° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C17H15sFaNO3S: Calced. (%
C,58.11; H4.30; F,3.99; N,9.13; §,10.81 Found (%):
C5827 H,4.40; F,3.94; N899 S 10.85

EXAMPLE 58

Preparation of |
3- [[Z-mercaptomethyl -3-(3-pyridyl)-propionyl]amino}-
benzoic acid hydrochloride

3-[[2-Mercaptomethyl-3-(3-pyridyl)propionyl]-
amino]benzoic acid (compound of Example 54) (0.2 g) is

dissolved in ethanol (20 ml), and thereto is added 35% 60

ethanolic hydrochloric acid (0.3 ml), and the mixture is
stirred at room temperature for 5 minutes, and ethanol is

distilled off under reduced pressure. To the residue is

added diethyl ether (30 ml), and the mixture is cooled.
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The precipitated white powder is taken by filtration to 65

give the title compound (0.15 g).
m.p.: 69°-71° C. (amorphous)
IR (KBr; cm—1): 1660

28 |
Elementary analysis for Cj6Hi6N203S.HCI1.0.5H,0:

Calcd. (%): C,53.11; H,5.01; C1,9.80; N,8.86; S,7.74

Found (%): C,53.30; H,5.42; Cl1,9.42; N,8.34; S,7.55

EXAMPLE 59

Preparation of | |
3-[[2-acetylthiomethyl-3-(4-dimethylaminophenyl)pro-
pionyl}lamino]-5-methylbenzoic acid hydrochloride

A mixture of 2-acetylthiomethyl-3-(4-dimethylamino-
phenyl]propionic acid (2.9 g), thionyl chloride (3 ml)
and chloroform (30 ml) is refluxed for 30 minutes. The
reaction mixture is concentrated under reduced pres-
sure. The residue is dissolved in tetrahydrofuran (30
ml). 3-Amino-5-methylbenzoic acid (1.5 g) is suspended
in water (10 ml) and the mixture is adjusted to pH 9.0
with 10% aqueous sodium hydroxide solution. To the
mixture is added dropwise the above tetrahydrofuran
soltuion with stirring under ice cooling. While main-
taining at pH 7.5 with 1 N aqueous sodium hydroxide
solution, the mixture is stirred under ice cooling for 30
minutes and further at room temperature for one hour.
The mixture is adjusted to pH 4.5 with 10% hydrochlo-
ric acid, and tetrahydrofuran is distilled off under re-
duced pressure. The resulting aqueous solution is puri-
fied by a column chromatography with Diaion HP-20
(eluant, water-acetonitrile). The fractions containing
the desired compound are collected, and acetonitrile is
distilled off under reduced pressure, and the residue is
lyophilized to give the title compound (1.9 g).

m.p.: 127°~128° C. (amorphous)

IR (KBr; cm—1!): 1680, 1640

Elementary analysis for C2o0H26N204S.HCI.0. 25H20
Calcd. (%): C,58.01; H,6.09; C1,7.78; N,6.15; S,7.04
Found (%): C,57.98; H,6.24; Cl,7.51; N,6.08; S,6.84

EXAMPLE 60

Preparation of
3-[[2-mercaptomethyl-3-(4-dimethylaminophenyl)pro-
- pionyl]lamino]-5-methylbenzoic acid hydrochloride

3-[[2-Acetylthiomethyl-3-(4-dimethylaminophenyl)-
propionyl] amino]-5-methylbenzoic acid hydrochloride
(compound of Example 59) (1.9 g) is dissolved in 50%
aqueous methanol (30 ml), and the mixture is adjusted to
pH 12.0 with 10% aqueous sodium hydroxide solution
under nitrogen. After reacting at room temperature for
one hour, the reaction mixture is adjusted to pH 4.5
with 10% hydrochloric acid and methanol is distilled
off under reduced pressure. The residue is purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-
ing the desired compound are collected, and acetonitrile
1s distilled off under reduced pressure and the residue is
extracted with ethyl acetate. The extract is washed with
water, dried over anhydrous magnesium sulfate, and
ethyl acetate is distilled off under reduced pressure. To
the residue 1s added 35% ethanolic hydrochloric acid
(0.5 ml), and the mixture is cooled and thereto is added
diethyl ether (50 ml). The pricipitated white powder is
separated by filtration to give the title compound (0.85
g). m p.: 119°-121° C. (amorphous, decomp) |

IR (KBr; cm—1): 1680, 1640

Elementary analysis for CyoH24N203S.HC1.0.5H50:
Caled. (%): C,57.48; H,6.27; Cl,8.48; N,6.70; S,7.67
Found (%): C,57.64; H,6.28; C1,8.25; N,6.49; S,7.89
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EXAMPLE 61

Preparation of benzyl
3-[{2-acetylthiomethyl-3-(4-dimethylaminophenyl)pro-
pionyl]amino]benzoate hydrochloride

(1) Preparation of
3-(t-Butyloxycarbonylamino)-benzoic acid

3-Aminobenzoic acid (13.7 g) is mixed with water

(100 ml), and the mixture is adjusted to pH 9.5 with 20%

aqueous sodium hydroxide solution. To the mixture is
added a solution of di-t-butyl dicarbonate (25 g) in diox-
ane (80 ml) with stirring under ice cooling. The mixture
is stirred under ice cooling for 30 minutes and further at
room temperature for 4 hours. The reaction mixture is
washed with ethyl acetate (200 ml). The aqueous solu-
tion 1s adjusted to pH 5.0 with citric acid, and the pre-
cipitated crystals are separated by filtration and recrys-
tallized from acetonitrile to give the title compound
(22.1 g, 93%) as white needles.
- m.p.: 205° C. (decomp.)

IR (KBr; cm—1): 1680

Elementary analysis for CioH1sNO4: Caled. (%):
C,60.75; H,6.37; N,5.90 Found (%): C,60.69; H,6.49;
N,5.87 .

(2) Preparation of cyandmethyl
3. (t-butyloxy-carbonylammo)benzoate

A mixture of 3- (t-butyloxycarbonylammo)benzmc
acid (20 g), triethylamine (12.8 g), chloroacetonitrile
(9.4 g) and acetone (150 ml) is refluxed for 4 hours.
After acetone is distilled off under reduced pressure, the

residue is dissolved in ethyl acetate (200 ml), and the

solution is washed with water, and ethyl acetate is dis-
tilled off under reduced pressure. The residue is recrys-
tallized from 80% aqueous acetonitrile solution to give
the title compound (22 g, 99%) as white short needles.

m.p.: 118°-119° C. |

IR (XBr; cm—1): 1705 |

Elementary 'analysis for C14H16N204 Calcd. (%):
C,60.86; H,5.84; N,10.14 Found (%): C,60.88; H,5.82;
N,10.11

(3) Preparation of benzy!
3-(t-butyloxycarbonylamino)benzoate

A mxture of cyanomethyl 3-(t-butyloxycar-
bonylamino)benzoate (20 g), triethylamine (10.6 g),
4-dimethylaminopyridine (0.1 g) and benzyl alcohol
(11.4 g) is stirred at a bath temperature of 55° C. for 15
~ hours. The reaction mixture is extracted with ethyl
acetate (200 ml), and the extract is washed with water,
and ethyl acetate 1s distilled off under reduced pressure.
The residue is recrystallized from 80% aqueous acetoni-
trile solution to give the title compound (22.0 g, 93%) as

- white short needles.

m.p.: 151°-153° C.

IR (KBr; cm—1): 1710, 1690

Elementary analysis for CioH290NOa: Calcd. (%):
C,69.49; H,6.75; N,4.27 Found (%): C,69.49; H,6.46;
N,4.25

(4) Preparation of benzyl |
3-[[2-acetylthiomethyl-3-(4-dimethylaminophenyl)pro-
pionyl]amino}benzoate hydrochloride

A mixture of 2-acetylthiomethyl-3-(4-dimethylamino;' |

phenyl)propionic acid (3.0 g), thionyl chloride (3 ml)
and chloroform (30 ml) is refluxed for 30 minutes. The
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reaction mixture is concentrated under reduced pres-

- sure. The residue is dissolved in chloroform (30 ml).
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~ Separately, benzyl 3-(t-butyloxycarbonylamino)-ben-

zoate (3.9 g) is mixed with trifluoroacetic acid (3 ml),
‘and the mixture is stirred at room temperature for 30

minutes. The reaction mixture is concentrated- under
reduced pressure, and the residue is dissolved in chloro-
form (20 ml), and thereto is added dropwise the above
solution of acid chloride in chloroform with stirring
under ice cooling. The mixture is neutralized with tri-
ethylamine and stirred under ice cooling for 30 minutes
and further at room temperature for one hour. The
reaction mixture is washed with water, dried over anhy-
drous magnesium sulfate, and chloroform is distilled oft
under reduced pressure. The residue 1s purified by a

“silica gel column chromatography (eluant, chloroform-
ethyl acetate). The fractions containing the desired

compound are collected and concentrated under re-
duced pressure. To the residue are added 35% ethanolic
hydrochloric acid (0.5 ml) and further diethy! ether (50
ml), and the mixture is filtered. The obtained powder is
washed with diethyl ether to give the title compound
(1.5 g2).

m.p.: 73°-75° C. (amorphous)

IR (KBr; cm—1): 1700, 1670

Elementary analysis for CsH3oN204S.HCI: Calcd.
(%) C,63.81; H,5.93; C1,6.73; N,5.31; S,6.08 Found (%):
C,63.79; H,5.99; C1,7.03; N,5.31;'S,6.06

EXAMPLE 62

Preparation of benzyll
3- [[2-acetylth10methyl—3 (3-pyridyl)propionyl]amino]-
benzoate

Benzyl 3-(t—butyloxycarbonylamino)benzoate 4.9 g)
i1s mixed with trifluoroacetic acid (5 ml), and the mix-
ture 1s stirred at room temperature for 30 minutes. Ex-
cess trifluoroacetic acid is distilled off under reduced
pressure. The residue is dissolved in chloroform (40 ml),
and thereto are added 2-acetylthiomethyl-3-(3-pyridyl)-
propionic acid (3.5 g) and EDC.HC! (3.2 g), and the
mixture is stirred at room temperature for 5 hours. The
reaction mixture is washed with water, dried over anhy-
drous magnesium sulfate, and then chloroform is dis-
tilled off under reduced pressure. The residue is purified
by a silica gel column chromatography (eluant, chloro-
form-ethyl acetate). The fractions containing the de-
sired compound are collected and the solvent is distilled

off under reduced pressure to give the title compound

(1.5 g) as a colorless oi1ly substance.

IR (KBr; cm—1): 1710, 1680

Elementary analysis for CasH24N204S: Calcd. (%)
C,66.79; H,5.61; N,6.23; S,7.13 Found (%): C,66.30;
H,5.53; N,6.15; S,7.21 |

EXAMPLE 63

Preparation of benzyl |
3- [(2-mercaptomethyl 3-phenylpropionyl)aminolbenzo-
ate

Benzyl 3—[(Z;acetylthlomethyl-3-phenylpr0pionyl)—
amino]benzoate (2.0 g) is dissolved in acetonitrile (20
ml), and thereto is added 289 aqueous ammonia (15
ml), and the mixture 1s stirred at room temperature for
one hour. The reaction mixture is adjusted to pH 2.5
with 20% hydrochloric acid under ice cooling and is

extracted with ethyl acetate (70 ml). The extract is
~washed with water, and ethyl acetate is distilled off

under reduced pressure. The residue 1s purified by a
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medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-
mg the desired compound are collected, and acetonitrile
is distilled off under reduced pressure and the residue is
extracted with ethyl acetate (100 ml). The extract is
dned over anhydrous magnesium sulfate, and ethyl
acetate 1s distilled off under reduced pressure to give the
title compound (0.9 g) as a colorless oily substance.

IR (KBr; cm—1): 1710, 1660 |

Elementary analysis for Cy4H23N0;3S.0.25H,0:

10

Calcd. (%): C,70.30; H,5.78; N,3.42; S,7.82 Found (%)

C,70.59; H,5.92;: N,3.32; §,7.93

EXAMPLE 64

Preparation of
3-{(2-acetylthiomethyl-3-phenylpropionyl)amino]-5-
ethylbenzoic acid

- 3-Amino-5-ethylbenzoic acid (2.1 g) 1s dissolved in a
33% aqueous solution of tetrahydrofuran (30 ml) con-
taining sodium carbonate (1.3 g), and to the mixture is
added dropwise a solution of 2-acetylthiomethyl-3-
phenylpropionyl chloride (3.0 g) in tetrahydrofuran (20
ml) with stirring under ice cooling, and the mixture is

stirred at room temperature for one hour. Tetrahydro-

furan is distilled off under reduced pressure, and the
residue is extracted with ethyl acetate (100 ml). The
extract is washed with saturated aqueous sodium chlo-
ride solution and dried over anhydrous sodium sulfate,
and then ethyl acetate is distilled off under reduced
pressure. The residue is dissolved in methanol and puri-
fied by a medium pressure column chromatography
with CHP-20P (eluant, water-methano!). The fractions
containing the desired compound are collected and
concentrated into dryness under reduced ‘pressure to
give the title compound (2.8 g).

m.p.: 175°-177° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CyiH) 3NO4S: Caled. (%):
C,65.43; H,6.01; N,3.63; S,8.32 Found (%): C,65.44;
H,5.98; N,3.68; §,8.09

EXAMPLE 65

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino}-5-
ethylbenzoic acid

3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino]-5-
ethylbenzoic acid (compound of Example 64) (1.0 g) is
suspended 1n water (10 ml), and thereto is added pyrrol-
idine (0.6 g) under nitrogen, and the mixture is stirred at
room temperature for 20 minutes. The reaction mixture
is adjusted to pH 1 with conc. hydrochloric acid and is
extracted with ethyl acetate (100 ml). The extract is
washed with saturated aqueous sodium chloride solu-
tion, dried over anhydrous sodium sulfate, and ethyl
acetate is distilled off under reduced pressure. The resi-
due i1s dissolved in methanol and purified by a medium
pressure column chromatography with CHP-20P (elu-
ant, water-methanol). The fractions containing the de-
sired compound are coliected and concentrated into
dryness to give the title compound (0.3 g).

m.p.: 159°-160° C. (amorphous)

IR (KBr; cm=—1): 1680, 1640 |

Elementary analysis for CioH;i1NO3S: Caled. (%):
C,066.45; H,6.16; N,4.08; S,9.34 Found (%): C,66.20;
H,6.09; N,4.01; S,9.45
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EXAMPLE 66

Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-5-1so-
| propylbenzoic acid

In the same manner as described in Example 64 ex-
cept that 3-amino-5-isopropylbenzoic acid is used, there
is prepared the title compound.

- m.p.: 205°-206" C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CiyHsNO4S: Caled. (%):
C,66.14; H,6.31; N,3.51; S,8.03 Found (%): C,66.09;
H,6.27; N,3.50; S,7.99

EXAMPLE 67

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-5-iso-
propylbenzoic acid

In the same manner as described in Example 65, there
1s prepared the title compound.

m.p.: 205°-209° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CyoH23NO3S: Calcd. (%)
C,67.20; H,6.49; N,3.92; S,8.97 Found (%): C,67.07;
H,6.48; N,3.87; S,8.80

EXAMPLE 68

Process a

[1] Preparation of ethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
~ zoate

2-Acetylthiomethyl-3-phenylpropionic acid (11.9 g)
and ethyl 3-aminobenzoate (8.26 g) are dissolved in
dichloromethane (150 ml), and thereto are added 4-
dimethylaminopyridine (0.61 g) and EDC.HCI (10.54
g), and the mixture is stirred at room temperature over-
night. The reaction mixture is washed with saturated
aqueous citric acid solution, saturated aqueous sodium
chlonde solution and saturated aqueous sodium hydro-
gen carbonate solution and saturated aqueous sodium
chloride solution in this order, dried over anhydrous
magnesium sulfate, and the solvent is distilled off under
reduced pressure. The residue is washed with diethyl
ether to give the title compound (13 g).

m.p.: 89°-92° C. (amorphous),

IR (KBr; cm—1): 1710, 1690, 1660

Elementary analysis for C21H23NO4S: Caled. (%):
C,65.43; H,6.01; N,3.63; §,8.32 Found (%): C,65.42;
H,6.14; N,3.55; §,8.19

[2] Preparation of
3-[(2-mercaptomethyl- 3-phenylpropmnyl)ammo]ben-
zoic acid

Ethyl  3-[(2-acetylthiomethyl-3-phenylpropionyl)-
aminojbenzoate (6.37 g) is dissolved in methanol (100
ml), and thereto i1s added 1 N aqueous sodium hydroxide

- solution (49.5 ml) under ice cooling, and the mixture is

stirred for 2 hours under nitrogen. After stirring further
at room temperature overnight, the reaction mixture is

- acidified with saturated aqueous citric acid solution,

65

and methanol is distilled off under reduced pressure. To
the residue 1s added water (50 ml), and the mixture is
extracted with ethyl acetate. The extract is washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and the solvent is dis-
tilled off under reduced pressure. The residue is purified
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by a medium pressure column chromatography with
CHP-20P (eluant, water-acetonitrile). The fractions
containing the desired compound are collected and
concentrated under reduced pressure, and the precipi-
tates are separated by ﬁltratlon to give the title com-
pound (4 g).
- m.p.: 178°-180° C. (amorphous)

IR (KBr; cm—1): 1680, 1655

Elementary analysis for Ci7H17NO;S: Calcd (%):
C,64.74; H,5.43; N,4.44; S,10.17 Found (%): C,64.43;
H,5.44; N,4.50; §,9.91

EXAMPLE 68

Process b

~ [1] Preparation of
3-[(2-acetylth10methyl 3-pheny]pmplonyl)ammo]ben-
- zoic acid

3-Aminobenzoic acid (1.4 g) is suspended in chloro-
form (50 ml), and thereto is added triethylamine (2.06

5
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EXAMPLE 70

Preparation of
4-[(2-mercaptomethyl-3- phenylpmplonyl)ammo]ben-
- zoic acid

In the same manner as described in Example 68-(3)-[2]
except that ethyl 4-[(2-acetylthiomethyl-3-phenyl pro-

- pionyl)amino]benzoate (compound of Example 69) is

10
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g), and to the mixture is added 2-acetylthiomethyl-3-

phenylpropionyl chloride (2.61 g) with stirring under
ice cooling, and the mixture is stirred for 30 minutes and
further at room temperature three nights. To the reac-
tion mixture is added water, and the mixture is acidified
- with hydrochloric acid and extracted with chloroform.

The extract 1s washed with saturated agueous sodium

chloride solution, dried over anhydrous magnesium
sulfate, and the solvent is distilled off under reduced
pressure. The residue 1s purified by a medium pressure
column chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected and concentrated under reduced
pressure. The precipitates are separated by filtration
and recrystallized from 50% aqueous ethanol to give
~ the title compound (1.5 g).

m.p.: 172°-173° C.

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CijoHi9INO4S: Calcd. (%):
- C,63.85; H,5.36; N,3.92; S,8.97 Found (%): C,63.59;
H,5.46; N,3.91; S,9.05

[2] Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]ben-
zoic acid

In the same manner as described in Example 68-(a)-[2]
except that 3-[(2-acetylthiomethyl-3-phenylpropionyl)-
amino]benzoic acid is used, there is prepared the title
compound. |

EXAMPLE 69

PrEparatu)n of ethyl
4—[(2-acetylth10methyl 3-phenylpropionyl)amino]ben-
zoate

In the same manner as described in Example 68-(a)-[1]
except that ethyl 4-aminobenzoate is used instead of
ethyl 3-aminobenzoate, the reaction is carried out, and
the product is purified by a silica gel column chroma-
tography and a medium pressure column chromatogra-
phy using CHP-20P to give the title compound.

m.p.: 119°-121° C. (amorphous)

IR (KBr; cm—1): 1710, 1680, 1660

Elementary analysis for Cy1H23NO4S: Caled. (%)
C,65.43; H,6.01; N,3.63; S, 832 Found (%): C65 27;
H,6.01; N,3.58,; 8814

25

used, there is prepared the title compound.

m.p.: 181°-183° C. (amorphous)

IR (KBr; cm—1): 1675, 1660 (shoulder)

Elementary analysis for Ci7H17NO3S: Calcd. (%):
C,64.74; H,5.43; N,4.44; S,10.17 Found (%): C,64.63;
H,5.36; N,4.27; S,10.05 |

EXAMPLE 71

Preparation of
4-[(2-acetylthiomethyl- 3-phenylpmpmnyl)ammo]ben-
zoic acid

In the same manner as described in Example 68-(b)-
[1] except that 4-aminobenzoic acud is used nstead of
3-aminobenzoic acid, there is prepared the title com-

pound.
m.p.: 187°-189° C. (recrystallu:ed from 70% aqueous

-ethanol)
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IR KBr; cm—1): 1660 o -
Elementary analysis for Cj9H;j;9NO4S: Calcd. (%):
C,63.85; H,5.36; N,3.92; §,8.97 Found (%): C,63.59;

H,5.35; N,3.77: §,9.01

EXAMPLE 72

Preparation of benzyl
3-[(2-acetylthiomethyl- 3-phenylpr0p10nyl)anun0]ben-
zoate

3-[(2-Acetylthiomethy1-3-phenylpropionyl)amino]-

benzoic acid prepared in Example 68-(b)-[1] (0.3 g),
4-dimethylaminopyridine (0.01 g) and benzyl alcohol

(0.1 g) are dissolved in dichloromethane (25 ml), and

thereto 1s added EDC.HCI (0.18 g), and the mixture is
stirred at room temperature three nights. The reaction
mixture is washed with saturated aqueous citric acid
solution, water, saturated aqueous sodium hydrogen
carbonate solution and water in this order, dried over
anhydrous magnesium sulfate, and then the solvent is

~ distilled off under reduced pressure. The residue is puri-
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fied by a silica gel column chromatography (eluant,

chloroform) to give the title compound (0.26 g).

m.p.: 108°~109° C. (amorphous)

IR (KBr; cm—1): 1720, 1680, 1655

Elementary analysis for CeHasNO4S: Calcd. (%):
C,69.78; H,5.63; N,3.13; §,7.16 Found (%) C,69.74,
H,S.Sl; N,3.09; S,7.06

EXAMPLE 73

Preparation of benzyl
4-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

#[(Z-Acetylthiomethyl-'-3-pheny1pr0pionyl)amjno]-

benzoic acid prepared in Example 71 is reacted in the

same manner as described in Example 72 to give the title
compound. -
m.p.: 139°-140° C. (amorphous)
IR (KBr; cm—1): 1710, 1685, 1660
Elementary analysis for CygH2sNO4S: Calced. (%)
C,69.78; H,5.63; N,3.13; §,7.16 Found (%) C,69.48;
H,S. 45; N 3.04; S 6.99
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EXAMPLE 74

Preparation of benzyl
1-{(2-acetylthiomethyl-3-phenylpropionyl)amino]cy-
clohexanecarboxylate

Benzyl 1-aminocyclohexanecarboxylate.p-toluene-
sulfonate and 2-acetylthiomethyl-3-phenylpropionic
acid are reacted in the same manner as described in
Example 68-(a)-[1] to give the title compound.

m.p.: 166°~168° C. (amorphous)

IR (KBr; cm—1): 1710, 1680, 1660

Elementary analysis for CysH3NO4S: Caled. (%):
C,68.85; H,6.89; N,3.09; S,7.07 Found (%): C,68.63;
H,6.74; N,2.92:; S,7.13

EXAMPLE 75

Preparation of benzyl
1-[(2-acetylthiomethyl-3-phenylpropionyl)amino]cy-
clopentanecarboxylate

In the same manner as described in Example 74, the
reaction 1s carried out and subjected to the post-treat-
ment, and the product i1s washed with diisopropyl ether
to give the title compound.

m.p.: 96°-100° C. (amorphous)

IR (KBr; cm—1): 1705, 1680, 1660

Elementary analysis for Cy5H20NO4S.0.25H,0:
Calcd. (%): C,67.62; H,6.70; N,3.15; S,7.22 Found (%):
C,67.80; H,6.95; N,3.31; S,7.49

EXAMPLE 76

Preparation of benzyl
3-[(2-acetylthiomethyl- 3-phenylpr0pmnyl)amlno]cy-
clohexanecarboxylate

In the same manner as described in Example 74, the
reaction 1s carried out and subjected to the post-treat-
- ment, and the product is washed w1th diisopropyl ether
to give the title compound.

m.p.: 68°-71° C. (amorphous)

IR (KBr; cm—1): 1715, 1680, 1630

Elementary analysis for CysH31NO4S.0.25H,0:
- Calcd. (%): C,68.17; H,6.93; N,3.06; S,7.00 Found (%)
C,68.25; H,7.14; N,3.33; S,7.13

EXAMPLE 77

Preparation of
4-[(2-acetylthiomethyl-3-phenylpropionyl)aminome-
thyllbenzoic acid

4-Aminomethylbenzoic acid (1.50 g) and sodium hy-
drogen carbonate (1.68 g) are suspended in water (20
ml), and thereto is added dropwise a solution of 2-
acetylthiomethyl-3-phenylpropionyl chloride (2.86 g) in
tetrahydrofuran (6 ml) with vigorously stirring. After
the reaction is completed, the reaction mixture is acidi-
fied with hydrochloric acid and is extracted with ethyl
acetate. The extract is dried over anhydrous magnesium
sulfate, and then the solvent is distilied off under re-
duced pressure. The residue is recrystallized from etha-
nol to give the title compound (1.2 g).

m.p.: 186°~188° C.

IR (KBr; cm—1): 1680, 1640, 1610

Elementary analysis for Cy0H21NO04S.0.25H50:
Caled. (%): C,63.90; H,5.76; N,3.73; S,8.53 Found (%):
C,64.18; H,5.67; N,3.65; S,8.17
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"EXAMPLE 78

Preparation of
1-[(2-mercaptomethyl-3-phenylpropionyl)amino]cy-
clohexanecarboxylic acid

In the same manner as described in Example 68-(a)-
[2], the reaction is camed out to give the title com-
pound.

- m.p.: 193°-195° C. (amorphous)

IR (KBr; cm—1): 1690, 1630

Elementary analysis for Ci7H23NO3S: Caled. (%):
C,63.52; H,7.21; N,4.36; S,9.98 Found (%): C,63.33;
H,7.00; N,4.18; §,9.91

EXAMPLE 79

Preparation of
1-[(2-mercaptomethyl-3-phenylpropionyl)amino]cy-
clapentaneqarboxylic acid |

In the same manner as described in Example 68-(a)-
[29 , the reaction is carried out to give the title com-
pound.

m.p.: 165°-167° C. (amorphous)

IR (KBr; cm—1): 1685, 1625

Elementary analysis for CigH21NO3S: Calcd. (%):
C,62.51; H,6.89; N,4.56; S,10.43 Found (%) C,62.44;
H,6.79; N,4.32; S,10.18

EXAMPLE 80

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)aminojcy-
clohexanecarboxylic acid

In the same manner as described in Example 68-(a)-
[2), the reaction is carried out to give the title com-
pound. |

m.p.: 174°-177° C. (amorphous)

IR (KBr: cm—1): 1690, 1615
. Elementary analysis for Cy7H23NO3S: Caled. (%):
C,63.52; H,7.21; N,4.39; §,9.98 Found (%) C,63.39;
H,7.25; N,4.31; S,9.90

EXAMPLE 81

Preparation of
2-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-

| - zoic acid
Methyl anthranylate (7.6 g , 2-benzylacrylic acid (8.1 -
g), HOBt (6.75 g), DCC (10.3 g) and DMF (150 ml) are
mixed at room temperature, and the mixture is stirred

for 4 hours, and the insoluble materials are filtered off.
The filtrate is distilled under reduced pressure to re-

- move the solvent, and to the residue is added ethyl

55

65

acetate (150 ml). The mixture is washed with 5% hydro-
chloric acid, water, saturated aquec)us sodium hydrogen
carbonate solution and water in this order and dried
over anhydrous magnesium sulfate, and then the solvent
is distilled off under reduced pressure. The residue is
subjected to a silica gel column chromatography. The
fractions eluted with chloroform-n-hexane (1:1) are
collected, and the solvent is distilled off under reduced
pressure to give methyl 2-[(2-benzylacryl)amino]benzo-
ate (3.4 g) as a yellow oily substance.

This product is dissolved in 50% agqueous methanol
(50 ml) and the mixture is maintained at pH 12.0 with
15% aqueous sodium hydroxide solution at 40° C. for 30
minutes, and then methanol is distilled off under re-
duced pressure. The residue 1s adjusted to pH 2.0 with
hydrochloric acid, and the precipitated white solid is
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separated by filtration and washed with water and re-
crystallized from 70% aqueous ethanol to give 2-[(2-

5,210,266

benzylacryl)amino]benzoic acid (2.0 g) as colorless nee-

dles. This product (1.7 g) is mixed with thioacetic acid
(0.9 g), and the mixture is stirred at 80° C. for one hour.

- Excess thioacetic acid is distilled off under reduced

pressure, and to the residue is added water (30 ml). The
mixture is adjusted to pH 8.0 with 10% aqueous sodium

hydroxide solution under ice cooling and subjected toa

column chromatography with Diaion HP-20. The frac-
~ tions eluted with 5% aqueous dioxane are collected and
lyophilized. The resulting colorless powder is dissolved
in water (30 ml) and adjusted to pH 2.0 with hydrochlo-
ric acid under cooling. The precipitated oily substance
18 extracted with ethyl acetate, and the extract is washed
with water, dried over anhydrous magnesium sulfate,
and the solvent is distilled off under reduced pressure.
The residue is recrystallized from 70% aqueous ethanol
to give the title compound (0.9 g)
m.p.: 121°-122° C.

IR (KBr; cm—1): 1660

Elementary analysis for CigH19NO4S: Calcd. (%):
C,63.85; H,5.36; N,3.92; S,8.97 Found (%): C,63.76;
H,5.36; N390 8871

EXAMPLE 82

- Preparation of benzyl 2-[(2-acetylthiomethyl-3-

phenylpropionyl)aminolisobutyrate

In the same manner as described in Example 68 -(a)-
[1], the reaction is carried out to give the title com-
pound (2.16 g).

m.p.: 83°-85° C. (amorphous)

IR (KBr; cm—1): 1735, 1685, 1635

Elementary analysis for Cy3H77NO4S: Calcd. (%):
C,66.80; H,6.58; N,3.39; §,7.75 Found (%): C,66.75;
H,6.70; N,3.28; S 8.04

EXAMPLE 83

Preparation of
2-[(2-mercaptomethyl-3-phenylpropionyl-
)aminoJisobutyric acid

The compound prepared in Example 82 is treated in
the same manner as described in Example 68-(a)-[2], and
the residue is purified by a medium pressure column
chromatography with CHP-20P (eluant, water-acetoni-

trile). The fractions containing the desired compound

are collected and concentrated under reduced pressure.
The concentrated mixture is acidified with hydrochlo-
ric acid and extracted with ethyl acetate. The extract is
washed with saturated aqueous sodium chloride solu-
tion, dried over anhydrous magnesium sulfate, and the
solvent is distilled off under reduced pressure to give
the title compound.

m.p.: 175°-176° C. (amorphous)

IR (KBr; cm—1): 1700, 1640

Elementary analysis for Cij4dHj9NO3S: Calcd. (%):
C,59.76; H,6.81; N,4.98; S,11.40 Found (%): C,59.73;
H,6.96; N,4.81; S,11.22

EXAMPLE 84

Preparatmn of benzyl
2- [(Z-mercaptomethyl 3-phenylpropionyl)amino]isobu-
tyrate

Benzyl 2-[(2-acetylthiomethyl_-3-phenylpropionyl)-
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reaction, the reaction mixture is acidified with satuirated
aqueous citric acid solution, and methanol is distilled off
under reduced pressure. To the residue is added water,

‘and the mixture is extracted with chloroform. The ex-

tract 1s washed with water and dried over anhydrous
magnesium sulfate, and then distilled under reduced
pressure. The residue is purified by a silica gel column .
chromatography (eluant, chloroform) to give the title
compound (0.35 g).

m.p.: 53°-56° C. (amorphous)

IR (KBr; cm—1): 1715, 1655 -

Elementary analysis for C;1H2sNO3S: Caled. (%)
C,67.90; H,6.78; N,3.77; S,8.63 Found (%): C6800
H,7.07; N367 S,8.45

EXAMPLE 85

Preparation of
4-[(2-mercaptomethyl- 3-phenylpr0plonyl)ammome-
thyllbenzoic acid

In the same manner as described in Example 68-(b)-
[2], the reaction is carried out to give the title com-
pound.

m.p.: 156°-159° C. (amorphous)

IR (KBr; cm—1): 1690, 1635

Elementary analysis for CjgHi9NO3S: Calcd. (%):
C,65.63; H,5.81; N,4.25; §,9.73 Found (%): C,635.55;
H,5.95; N427 8973

EXAMPLE 86

Preparation of benzyl
4-[(2-acetylthiomethyl-3-phenylpropionyl)aminome-
thyl]benzoate

In the same manner as described in Example 72, the
reaction is carried out to give the title compound.

m.p.: 142°-143° C. (recrystallized from acetonitrile)

IR (KBr; cm—1): 1705, 1675, 1640

Elementary analysis for Cy7H27NO4S: Caled. (%):
C,70.26; H,5.90; N,3.03; S,6.95 Found (%): C,70.25;
H,5.88; N,3.22; §,6.94

EXAMPLE 87

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino}ben-
zoic acid with glycine -

3-[(2-Mercaptomethyl-3-phenylpr0pionyl)amiﬁo]-
benzoic acid (compound of Example 68) (0.77 g) is
dissolved in dioxane (removing peroxide by passing

-th:ough a neutral alumina column) (60 ml), and thereto

is added a solution of glycine (0.18 g) in water (30 ml),

-and the mixture is lyophilized to give the title com-

pound (0.95 g).
m.p.: 177°~181° C. (amorphous)
IR (KBr; cm—1): 1675, 1655 |
Elementary analysis for Ci7Hi7NOsS. CszNOZ:

" Caled. (%): C,58.45; H,5.68; N,7.17; S,8.21 Found (%):

aminolisobutyrate (0.45 g) is dissolved in a mixture of 65

methanol (5 ml) and water (3 ml) under nitrogen, and
thereto is added triethylamine (0.22 g), and the mixture

is stirred at room temperature for 5 hours. After the

C,58.12; H,5.92; N,?._IO; S,7.99

EXAMPLE 838

_ Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]ben-
- zoic acid with L-phenylalanine

In the same manner as described in Example 87 ex-
cept that L-phenylalanine 1s used instead of glycine,
there is prepared the title compound.

m.p.: 162°-165° C. (amorphous)
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IR (KBr; cm—1): 1680, 1650
Elementary analysis for Ci7H17NO3S.CoH,.

INO,.0.75H20: Caled. (%): C,63.20; H,6.02; N,5.67;
S,6.49 Found (%): C,63.36; H,5.84; N,5.50; S,6.35

EXAMPLE 89

Preparation of solid solution of 3-{(2-mercaptometh-
yl-3-phenylpropionyl)amino]benzoic acid with D-
phenylalanine

In the same manner as described in Example 87 ex-
cept that D-phenylalanine is used instead of glycine,
there 1s prepared the title compound.

m.p.: 162°-165° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for C17H17NO;S. C9H11N02 0.5-
H;0: Calcd. (%): C,63.79; H,5.97; N,5.72; S,6.55 Found
(%): C,63.53; H,5.81; N,5.54; S,6.25

EXAMPLE 90

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]jben-
zoic acid with L-leucine

In the same manner as described in Example 87 ex-
cept that L-leucine is used instead of glycine, there is
prepared the title compound.

m.p.: 169°-173° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for Cy7H17NO3S.CsH.
3NO2.0.25H70: Calcd. (%): C,61.24; H,6.82; N,6.21;
S,7.11 Found (%): C,61.04; H,6.68; N,6.08; S,6.71

EXAMPLE 91

Preparation of
[(2-mercaptomethy1 3-phenylprOplonyl)ammo]ben-
zoic acid L-lysine salt

In the same manner as described in Example 87 ex-
cept that L-lysine 1s used instead of glycine, there is
prepared the title compound.

m.p.: 130°-133° C. (amorphous)

IR (KBr; cm—1): 1650, 1600

Elementary analysis for Cj9H;9NO3S.CgH s
N202.0.25H70.0.25d1oxane: Calcd. (%): C,59.06;
H,6.92; N,8.61; §,6.57 Found (%): C,59.01; H,7.25;
N,8.72; S,6.80

EXAMPLE 92

Preparation of solid solution of | |
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]ben-
zoic acid with L-asparagine

In the same manner as described in Example 87 ex-
cept that L-asparagine is used instead of glycine, there is
prepared the title compound. |

‘m.p.: 168°-173° C. (amorphous)

IR (KBr; cm—!): 1690, 1670, 1650 -

'Elementary analysis for Ci7H17INO3S.C4HgN203.0.5-
H,0.0.25dioxane: Calcd. (%): C,55.22; H,5.90; N,8.78;
- 5,6.70 Found (%): C,55.24; H,6.05; N,8.57; S,6.84

EXAMPLE 93

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]ben-
zoic acid with L-aspartic acid

In the same manner as described in Example 87 ex-
cept that L-aspartic acid is used instead of glycine, there

is prepared the title compound.
m.p.: 173°-179° C. (amorphous)
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IR (KBr; cm“l) 1680, 1650 |
Elementary analysis for C17H17NO3S CaH7NO4.0.5-
H->0: Calcd. (%): C,55.13; H,5.51; N,6.12: S,7.01 Found
(%). C,55.14; H,5.58; N,5.97; 5673

EXAMPLE 94

Preparation of solid solution of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoic acid with glycine

In the same manner as described in Example 87, there

1s prepared the title compound.

m.p.: 165°-168° C. (amorphous)

IR (KBr; cm—1): 1680, 1650, 1605

Elementary analysis for CioH19NO4S.C2HsNO».di-
oxane: Calcd. (%): C,57.68; H,6.20; N,5.38; S,6.16
Found (%): C,57.66; H,6.15; N,5.54; S,6.32

EXAMPLE 95

Preparation of solid solution of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-4-
methylbenzoic acid with glycine

In the same manner as described in Example 87, there
1s prepared the title compound.

m.p.: 196°-198" C. (amorphous)

IR (KBr; cm—1): 1685, 1650, 1610

Elementary analysis for CyoH21NO4S.CoHsNO,.0.1-
H,0: Calcd. (%): C,58.94; H,5.89; N,6.25; S,7.15 Found
(%): C,58.69; H,5.82; N,6.44; S,6.98 |

EXAMPLE %6

Preparation of solid solution of 3-[[2-acetylthio
methyl-3-(4-methoxyphenyl)propionyllamino]benzoic
acid with glycine

In the same manner as described in Example 87, there
1s prepared the title compound. ‘

m.p.:126°-128° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary  analysis for CyoH21NOsS.CoH-
sNO2.0.25H,0: Caled. (%): C,56.58; H,5.72; N,6.00;
S,6.87 Found (%): C,56.63; H,5.76; N,6.30; S,6.86

EXAMPLE 97

- Preparation of solid solution of
3-[(2-acetylthiomethyl-S-phenylpentanoyl)amino]ben-
- zoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound. '

m.p.: 141°-143° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for CiyiH24NO4S.C;HsNO-:
Calcd. (%): C,59.85; H,6.33; N,6.07; S,6.95 Found (%):
C,59.58; H,5.99; N,6.12; S,6.96 .

EXAMPLE 98

Preparation of solid solution of
3-[[2-acetylthiomethyl-3-(4-dimethylaminophenyl)pro-
pionyljJamino]benzoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 74°~76° C. (amorphous)

IR (KBr; cm—1): 1680, 1660

Elementary analysis for C31H24N7204S.CoH-
sNO2.0.75H;0: Calcd. (%): C,56.48; H,6.29; N,8.59;

'§,6.56 Found (%): C,56.51; H,6.45; N,8.58; S,6.27
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EXAMPLE 99

- Preparation of solid solution of
3-[[2-mercaptomethyl-3-(4-dimethylaminophenyl)pro-
pionyl]amino]benzoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 93°-96° C. (amorphous)

IR (KBr; cm—1): 1680, 1660

Elementary analysis for Cj9H2:N203S.C2HsNO5.0.5-
H70: Calcd. (%): C,57.00; H,6.38; N,9.50; S725Found
(%): C,56.74; H,6.44; N,9.56; S,7.24

EXAMPLE 100

| Preparation of solid solution of
3-[[2-acetylthiomethyl-3-(3-pyridyl)propionyl]Jamino]-
benzoic acid with glycine
In the same manner as described in Example 87, there
is prepared the title compound.
m.p.: 193°-195° C. (amorphous)
IR (KBr; cm—1): 1680, 1660 -
Elementary analysis for C;sHgsN204S.CH-
sNO2.0.25H20: Caled. (%): C,54.85; H,5.41; N,9.59;
S,7.32 Found (%): C,54.63; H,5.53; N,9.77; §,7.13

~ EXAMPLE 101

Preparation of solid solution of
3-[[2-mercaptomethyl-3-(3-pyridyl)propionyl]amino}-
benzoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 113°-116° C. (amorphous)

IR (KBr; cm—1): 1680, 1650

Elementary analysis for Ci16H16IN203S.C2H-

sNO.0.75H;0: Caled. (%): C,53.39; H,5.60; N,10.38;

S,7.92 Found (%): C,53.41; H,5.61; N,10.20; S,7.53
EXAMPLE 102

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-4-
methylbenzoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 166°-173° C. (amorphous)

IR (KBr; cm—1): 1680, 1650, 1640, 1605

Elementary analysis for CigHi9INO3S.CoHsNQO,.0.5-
H>0: Calcd. (%): C,58.10; H,6.09; N,6.77; §,7.75 Found
(%): C,57.84; H,5.90; N,7.14; §,7.63

EXAMPLE 103

Preparation of solid solution of
3-[(2-acetylthiomethyl- 3-phenylpr0plonyl)am1no] 5-
ethylbenzoic acid with glycine

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 166°-169° C. (amorphous)

IR (KBr; cm—1): 1690, 1660, 1600

Elementary analysis for C21H23N04S.C2HsNO,.0.5-
H>0O: Calcd. (%): C,58.83; H,6.23; N,5.97; §,6.83 Found
(%): C,58.67; H,6.10; N,6.07; S,6.58
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EXAMPLE 104

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-2-
methylbenzoic acid with glycine

In the same manner as described in Example 87, there
1s prepared the title compound.

m.p.: 86°-98° C. (amorphous)

IR (KBr; cm—1): 1690, 1650, 1600

Elementary analysis for CigHigNO3S.CoHsNO>H-
20.0.2d1oxane: Calcd. (%): C,56.76; H,6.32; N,6.37;

S,7.29 Found (%): C,56.48; H,5.93; N,6.55; S,7.07

EXAMPLE 105

Preparation of solid solution of 3-[(2-mercaptometh-
yl-3-phenylpropionyl)amino]- S-methylbenzmc acid
with glycine |

In the same manner as described in Example 87, there
is prepared the title compound.

m.p.: 105°-112° C. (amorphous)

IR (KBr; cm—1): 1690, 1660, 1600
~ Elementary  analysis for Cj;sHij9NO3S.C;H-
sNO12.0.75H,0.0.25dioxane: Calcd. (%): C,57.32;
H,6.30; N,6.37; §,7.29 Found (%): C,57.54; H,5.90;
N,6.48; S,6.95

EXAMPLE 106

Preparation of solid solution of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]ben-
zoic acid with 3-ammobenzoic acid

3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-
benzoic acid (compound of Example 68) (0.16 g) and
3-aminobenzoic acid (0.07 g) are dissolved in dioxane
(removing peroxide by passing through a neutral alu-
mina column) (30 ml), and thereto is added water (10

ml), and the mixture is lyophilized. The resulting oily

substance 1s dried over phosphorus pentoxide under
reduced pressure to give the title compound (0.23 g).
IR (KBr; cm—1): 1675, 1650
Elementary analysis for Ci7Hi7INO3S. C7H7N02 0.-
3dioxane: Calcd. (%): C,63.19; H,5.56; N,5.85; S,6.69
Found (%): C,63.10; H,5.60; N,5.87; S,6.41

EXAMPLE 107

Preparation of
3- [(2-mercaptomethyl 3-pheny]pmplonyl)ammo]ben-
zoic acid.2,6-di-O-methyl-B-cyclodextrin inclusion
compound |

~ In the same manner as described in Example 87 ex-

Cept that 2,6-di-O-methyl-B-cyclodextrin is used instead
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of the amino acid, there is prepared the title compound.

m.p.: 136°-142° C. (amorphous)

IR (KBr; cm—1): 1715, 1685, 1610 |

Elementary analysis for Ci7H17NO3S.CsHoggO35.-
H>0O: Calcd. (%): C,52.67; H,7.08; N,0.84; S,1.93 Found
(%): C,52.41; H,7.19; N,0.76; S,2.00 |

EXAMPLE 108

Preparation of 3-[(2"
mercaptomethyl-3-phenylpropionyl)amino]benzoic
acid sodium salt |

Ih the same manner as described in Example 42, there

is prepared the title compound.

m.p.: 160°-165° C. (amorphous)
IR (KBr; cm—1): 1650, 1605
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Elementary analysis for Ci7H1sNO3SNa.0.25H»0:
Caled. (%): C,59.73; H,4.86; N,4.10; S,9.38; Na,6.72
Found (%): C,59.49; H,4.79; N,4.26; S,9.29; Na,6.76

EXAMPLE 109

Preparation of
N,N’-[3,3'-dithiobis(2-benzylpropionyl)]bis(3-
aminobenzoic acid) (a mixture of diastereomers)

3-{(2 Mercaptomethyl-3-phenylpropionyl)amino]-
benzoic acid (compound of Example 68) (3 g) 1s dis-
solved in aqueous ethanol (100 ml), and thereto is added
0.1 N aqueous iodine solution (30 ml) with stirring at
room temperature. After reacting for 2 hours, an aque-
ous sodium thiosulfate solution is added to the mixture.
Ethanol 1s distilled off under reduced pressure, and the
mixture is acidified with 10% hydrochloric acid and
extracted with ethyl acetate. The extract is washed with
saturated aqueous sodium chloride solution, dried over
anhydrous sodium sulfate, and ethyl acetate is distilled
off under reduced pressure. The residue is purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-
ing the desired compound are collected and concen-
trated under reduced pressure. The precipitates are
separated by filtration to give the title compound (2.28
g).

m.p.: 220°-230° C. (amorphous)

IR (KBr; cm—1): 1685, 1650

Elementary analysis for C34H33:N206S2: Caled. (%):
C,64.95; H,5.13; N,4.46; S,10.20 Found (%): C,65.02;
H,5.28; N,4.28; S,9.82

EXAMPLE 110

Preparation of isopentyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

In the same manner as described in Example 61, the
reaction 1s carried out, and at the final step the product
1s purified by a column chromatography using Diaion
HP 20 to give the title compound.

m.p.: 96°-98° C. (colorless needles) (recrystallized
from 80% aqueous acetonitrile solution)

IR (KBr; cm—1): 1705, 1695, 1660

Elementary analysis for CisHy9NO4S: Calced. (%)
C,67.42; H,6.84; N,3.28; §,7.50 Found (%): C,67.43;
H,6.78; N,3.29; §,7.25

EXAMPLE 111

Preparation of cyclohexylmethy!
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

In the same manner as described in Example 110,
there is prepared the title compound as an oily sub-
stance.

IR (film; cm—1): 1720, 1690, 1660

Elementary analysis for CygH3oNO4S: Caled. (%):
C,69.00; H,6.68; N,3.09; §,7.08 Found (%): C,68.82;
H,6.92; N,3.20; S,6.95

EXAMPLE 112

Preparation of 2-piperidinoethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino}ben-
zoate

In the same manner as described in Example 110,

there 1s prepared the title compound as an oily sub-
stance.
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IR (film; cm—1): 1720, 1710, 1680
-Elementary analysis for Cy¢H32N2048.0.7CF-
3COOH.0.7TH;0: Calcd. (%): C,58.66; H,6.13; F,7.11;
N,4.99;. S§,5.72 Found (%): C,58.36; H,5.91; F740
N,4.99; §,5.89

EXAMPLE 113

Preparation of 1-methyl-2-piperidinylmethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate (a mixture of diastereomers)

In the same manner as described in Example 110,
there 1s prepared the title compound.

IR (KBr; cm—1): 1720, 1690, 1670

Elementary analysis for CisH3aN204S.0.75CF-
sCOOH.H,O: Caled (%): C,57.73; H,6.12; F,7.47,
N,4.90; S,5.60 Found (%): C,58. 15; H,6.20; F,7.11;
N,4.94; §,5.66

EXAMPLE 114

Preparation of 2-dimethylaminoethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)aminojben-
zoate hydrochloride

In the same manner as described in Example 61, there
is prepared the title compound.

m.p.: 31°-32° C. (amorphous)

IR (KBr; cm—1): 1710, 1680

Elementary analysis for Cy3H2sN204S. HCl 0.25H>,0:
Calcd. (%) C,58.84; H,6.33; Cl,7.55; N,5.97; §,6.83
Found (%): C,58.85; H,6.42; Cl,7.69; N,5.99; S, 6.78

EXAMPLE 115

Preparation of 3-pynidylmethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate hydrochloride

In the same manner as described in Example 61, there
is prepared the title compound.
m.p.: 69°-72° C. (amorphous)

IR (KBr; cm—1): 1710, 1680 |
Elementary analysis for CasH24N,04S. HCI: Calcd
(%): C,61.91; H,5.20; C1,7.31; N,5.78; S,6.61 Found (%)

C,61.83; H,5.47; Cl,6.83; N,5.67; S,6.74

EXAMPLE 116

Preparation of cyanomethyl
3-[(2-acethylthiomethyl-3-phenylpropionyl)amino}ben-
zoate

Cyanomethyl 3-(t-butyloxycarbonylamino)benzoate
[compound of Example 61-(2)] (6.9 g), anisole (one

~drop) and trifluoroacetic acid (10 ml) are mixed. The

mixture is stirred under ice cooling for 10 minutes and
further at room temperature for 30 minutes. Excess
trifluoroacetic acid is distilled off under reduced pres-
sure. To the residue is added 60% aqueuous tetrahy-
drofuan (30 ml), and thereto is added dropwise a solu-
tion of 2-acetylthiomethyl-3-phenylpropionyl chloride

(5 g) in tetrahydrofuran (20 ml) with stirring under ice

cooling while maintaining at pH 7.0-7.5 with triethyl-
amine, and the mixture is stirred at room temperature
for 2 hours. Tetrahydrofuran 1s distilled off under re-
duced pressure, and the residue is extracted with ethyl
acetate (100 ml). The extract is washed with water,
dried over anhydrous sodium sulfate, and ethyl acetate
is distilled off under reduced pressure. The residue is
purified by a silica gel column chromatography (eluant,
chloroform-ethyl acetate). The fractions containing the
desired compound are collected and concentrated
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under reduced pressure to give the utle compound (3.5
g) as an oily substance.
IR (film; cm—1): 1730, 1680, 1660
Elementary analysis for C;;HoN204S: Caled. (%)
C,63.62; H,5.08; N,7.07; §,8.09 Found (%): C,63.27;
H,5.28; N,7.41; S,8.08

EXAMPLE 117

Preparation of 2-phenoxyethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
- Zoate |

Cyanomethyl 3-[(2 acetylthiomethyl-3-phenylpro-

pionyl)amino]benzoate (compound of Example 116) (4
g), 2-phenoxyethanol (3 g), 4-dimethylaminopyridine
(0.1 g) and triethylamine (2 g) are mixed, and the mix-

ture is stirred at 60° C. for 15 hours and extracted with

ethyl acetate (50 ml). The extract 1s washed with 10%
hydrochloric acid and water, and ethyl acetate is dis-
tilled off under reduced pressure. The residue is dis-
solved 1n 50% aqueous acetonitrile and purified by a
column chromatography using Diaion HP-20 (eluant,
water-acetonitrile). The fractions containing the desired
compound are collected, and acetonitrile is distilled off
under reduced pressure. The aqueous solution is ex-
tracted with ethyl acetate (100 ml). The extract is dned
over anhydrous magnesium sulfate, and ethyl acetate 1s
distilled off under reduced pressure to gwe the title
compound (2.5 g).

m.p.: 90°-92° C. (amorphous)

IR (KBr; cm3! 1): 1720, 1690, 1660

Elementary analysis for Cy7H27NOsS: Calcd. (%):
C,67.90; H,5.70; N,2.93; S,6.71 Found (%): C,67.51;
H,5.61; N,2.88; §,6.59

EXAMPLE 118

Preparation of pivaloyloxymethyl .
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

(1) 3-(t-Butyloxycarbonylamino)benzoic acid sodium
salt (10 g), DMF (60 ml) and potassium iodide (6.3 g)
are mixed, and thereto is added dropwise pivaloylox-
ymethyl chloride (6 g) under ice cooling. The mixture is
stirred at room temperature for 15 hours, and thereto is
added ethyl acetate (200 ml). The mixture is washed
with water, and ethyl acetate i1s distilled off under re-
duced pressure. The residue is recrystallized from 70%
aqueous acetonitrile to give pivaloyloxymethyl 3-(t-
butyloxycarbonylamino)benzoate (11.9 g).

m.p.: 88°-89° C. (colorless needles)

IR (KBr; cm—1): 1740, 1725, 1695

Elementary analysis for CjgHisNOg: Calcd. (%):
C,61.52; H,7.17; N,3.99 Found (%): C,61.78; H,7.43;
N,4.08

(2) The compound prepared in the above (1) (3.5 g) 1s
mixed with trifluoroacetic acid (3 ml), and the mixture
is stirred at room temperature for 30 minutes. The reac-
tion mixture i1s concentrated under reduced pressure
and dissolved in water (20 ml). The solution is added
dropwise to a solution of 2-acetylthiomethyl-3-phenyl-
propionyl chloride (2.5 g) in tetrahydrofuran (30 ml)
with stirring under ice cooling. While maintaining at pH
7.0-7.5 with 10% aqueous sodium hydroxide solution,
the mixture is stirred under ice cooling for 30 minutes
and further at room temperature for one hour, and then
adjusted to pH 3.0 with 20% hydrochloric acid. Tetra-

hydrofuran is distilled off under reduced pressure, and

the residue is extracted with ethyl acetate (50 ml). The
extract is washed with water, and ethyl acetate i1s dis-
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tilled off under reduced pressure. The residue is dis-

solved in 50% aqueous acetonitrile and purified by a
medium pressure column chromatography with CHP-

20P (eluant, water-acetonitrile). The fractions contain-

ing the desired compound are collected, and acetonitrile

is distilled off under reduced pressure. The residue 1s

extracted with ethyl acetate (100 ml), and the extract is
dried over anhydrous magnesium sulfate, and ethyl
acetate is distilled off under reduced pressure to give the
title compound (3 g) as a yellow oily substance.

IR (film; cm—1): 1735, 1680, 1660

Elementary analysis for CasH29NOgS: Calcd. (%):
C,63.68; H,6.20; N,2.97; S,6.80 Found (%): C,63.39;
H,6.48; N,3.09; §,6.52

EXAMPLE 119

Preparation of pivaloyloxymethyl 3-[[2-acetylthi-
omethyl-3-(3-pyridyl)propionyljJamino]benzoate hydro-
chloride

In the same manner as described in Example 118,
there is prepared the title compound.

m.p.: 68°-70° C. (amorphous)

IR (KBr; cm—!): 1730, 1680

Elementary analysis for Co4HsN206S.HCI: Calced.
(%). C,56.63; H,5.74; C1,6.96; N,5.50; S,6.30 Found (%):

'C,56.29; H,5.94; C1,6.62; N,5.40; S,6.11

EXAMPLE 120

Preparation of pivaloyloxymethyl
3-[[2-acetylthiomethyl-3-(4-dimethylaminophenyl)pro-
pionyl]Jamino]benzoate hydrochloride

In the same manner as described in Example 118,
there is prepared the title compound. IR (KBr; cm—1):
1730, 1680 |

Elementary analysis for C27H34N20O¢S. HCi1.0.75H;0:
Caled. (%): C,57.44; H,6.52; Cl,6.28; N,4.96; S,5.68
Found (%): C,57.21; H,6.72; C1,6.54; N,5.13; §,5.86

EXAMPLE 121

Preparation of
4-(t-butyloxycarbonylaminomethyl)-benzyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino}-ben-

- zoate

In the same manner as described in Example 72, there
is prepared the title compound as a caramel-like sub-
stance. IR: (KBr; cm—1): 1710 (shoulder) 1690, 1650

(shoulder)

Elementary analysis for C32H36N2068.0.5H20:
Calcd. (%): C,65.62; H,6.37; N,4.78; S,5.47 Found (%):
C,65.44; H,6.29; N,4.67; S,5.28

 EXAMPLE 122

Preparation of 4-aminomethylbenzyl
3-[(2-acetylthiomethyl- 3-phenylpr0p10nyl)ammo]ben-
zoate hydrochloride

4-(t-Butyloxycarbonylaminomethyl)benzyl 3-[(2-
acetylthiomethyl 3-phenylpropionyl)amino]benzoate
(compound of Example 121) (0.73 g) is dissolved in IM
hydrochloric acid-acetic acid solution (20 ml), and the
mixture is reacted at room temperature for 45 minutes.
The reaction mixture is added slowly to diethyl ether
(100 ml) with stirring under ice cooling. The precipi-
tates are 'separated by filtration and washed with diethyl
ether to give the title compound (0.61 g). m.p.:
111°-113° C. (amorphous) IR (KBr; cm—1): 1710, 1685,

1650
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Elementary analysis for C37H28N204S.HC1.0.25H,0:
Calcd. (%): C,62.66; H,5.75; Cl,6.85; N,5.41: S,6.20
Found (%): C,62.77; H,5.92; C1,7.06; N,5.30; S,5.94

EXAMPLE 123

Preparation of 2-bromoethy!
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

In the same manner as described in Exam;:le 72, there
is prepared the title compound. m.p.: 85°-88° C. (amor-
phous) IR (KBr; cm—1): 1720, 1690, 1660

Elementary analysis for Cy1H220BrNO4S: Calcd. (%):
C,54.32; H4.78; Br,17.21; N,3.02; S,6.90 Found (%):
C,54.61; H,4.80; Br,17.37; N,2.95; S,6.80

EXAMPLE 124

Preparation of 2-hydroxyethyl
3-[(2-acetylthiomethyl- 3-pheny1pr0p10nyl)ammo]ben-
zoate

2-Bromoethyl  3-[(2-acetylthiomethyl-3-phenylpro-
pionyl)aminolbenzoate (compound of Example 123)
(0.63 g) and 3-pyridinecarboxamide (0.17 g) are dis-
solved in methanol (10 ml), and the mixture is refluxed
overnight. Methanol is distilled off under reduced pres-
sure, and the residue 1s dissolved in ethyl acetate,
washed with water and dried over anhydrous magne-
sium sulfate. Ethyl acetate is distilled off under reduced
pressure. The residue i1s purified by a medium pressure
column chromatography with silica gel (eluant, chioro-
form). The fractions containing the desired compound
are collected, and chloroform is distilled off under re-
duced pressure to give the title compound (0.3 g) as an
oily substance. IR (film; cm™Y): 1715, 1685, 1660 Mass
spectrum (SIMS) [M+H]*: m/z 402

EXAMPLE 125

Preparation of
2-[3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-
benzoyl]-1, 3-dihexadecanoylpropane-1,2,3-triol

In the same manner as described in Example 72, there
1s prepared the title compound. m.p.: 65°-67° C. (amor-
phous) IR (KBr; cn—1): 1740, 1725, 1690, 1660

Elementary analysis for Cs4HgsNOgS.0.5n-hexane
Caled. (%): C,71.96; H,9.75; N,1.47; S,3.37 Found (%):
C,71.73; H,9.84; N,1.46; S,3.03

EXAMPLE 126

Preparation of diethylaminocarbonylmethyl
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]ben-
zoate

3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino]-
benzoic acid (compound of Example 68-(b)-[1]) (0.72 g)
and potassium iodide (0.37 g) are dissolved in DMF,
and thereto are added triethylamine (0.2 g) and 2-
chloro-N,N-diethylacetamide (0.33 g) with stirring at
room temperature, and the mixture is reacted three
nights. The reaction mixture is mixed with water and
extracted with ethyl acetate. The extract is washed with
water, dried over anhydrous magnesium sulfate, and
ethyl acetate is distilled off under reduced pressure. The
residue is purified by a medium pressure column chro-
matography using silica gel (eluant, chloroform). The
fractions containing the desired compound are col-
lected, and chloroform is distilled off under reduced
pressure to give the title compound (0.71 g). m.p.:

48
143°-144° C. (amorphous) IR (KBr; cm—1): 1725, 1690,
1635
Elementary analysis for CysH3oN20sS: Caled. (%):

| C,63.81; H,6.43; N,5.95; S,6.81 Found (%): C,63.85;
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EXAMPLE 127

Preparation of |
N-[3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-
benzoyljglycine benzyl ester

(1) Cyanomethyl 3-(t-butyloxycarbonylamino)-ben-
zoate [compound of Example 61-(2)] (27.6 g), glycine
benzyl ester.p-toluenesulfonate (33.7 g), triethylamine
(20.2 g) and 4-dimethylaminopyridine (0.2 g) are mixed.
The mixture 1s stirred at 80° C. two nights. The reaction
mixture is extracted with ethyl acetate (200 ml). The
extract 1s washed with water, and ethyl acetate is dis-
tilled off under reduced pressure. The residue is purified
by a silica gel column chromatography (eluant, chloro-
form-ethyl acetate). The fractions containing the de-
sired compound are collected, and the solvent is dis-
tilled off under reduced pressure. The residue is recrys-

‘tallized from 70% aqueous acetonitrile to give N-[3-(t

butyloxycarbonylamino)benzoyl]glycine benzyl ester -
(7.2 g). m.p.: 171°-173° C. (colorless needies) IR (KBr;
cm—1): 1725, 1695, 1640

Elementary analysis for Cy1H24N20s: Caled. (%):
C,65.61; H,6.29; N,7.29 Found (%): C,65.56; H,6.38;
N,7.36

(2) The compound prepared in the above (1) (3.8 g) is
mixed with trifluoroacetic acid (2.5 ml), and the mixture
is stirred at room temperature for 30 minutes, and triflu-
oroacetic acid is distilled off under reduced pressure.
The residue is dissolved in 80% aqueous tetrahydrofu- |
ran (20 ml). The solution is added dropwise to a solution
of 2-acetylthiomethyl-3-phenylpropionyl chloride (2.6

~ g) in chloroform. While maintaining at pH 7.0-7.5 with
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triethylamine, the mixture is stirred under ice cooling
for 30 minutes and further at room temperature for one
hour, and then chloroform and tetrahydrofuran are
distilled off under reduced pressure. The residue is ex-
tracted with ethyl acetate (100 ml). The extract is
washed with water, and ethyl acetate is distilled off
under reduced pressure. The residue is purified by a

column chromatography using Diaion HP-20 (eluant,

water-acetonitrile). The fractions containing the desired
compound are collected, and acetonitrile is distilled off
under reduced pressure. The aqueous solution is ex-
tracted with ethyl acetate, and the extract is dried over
anhydrous magnesium sulfate, and ethyl acetate 1s dis-
tilled off under reduced pressure to give the title com-
pound (2.5 g). m.p.: 122°-123° C. (amorphous) IR (KBr;
cm—1): 1730, 1680, 1650, 1640

Elementary analysis for CagsH2sN205S: Caled. (%):
C,66.65; H,5.59; N,5.55; S,6.35 Found (%): C,66.53:
H,5.77; N,5.40; S,6.60

EXAMPLE 128

Preparation of N-[3-[(2-acetylthiomethyl-3-phenyl-
propionyl)amino]benzoyl]-L-phenylalanine benzyl
ester (a mixture of diastereomers):

In the same manner as described in Example 127,
there is prepared the title compound. m.p.: 89°-91° C.
(amorphous) IR (KBr; cm—1): 1730, 1680, 1640

Elementary analysis for C3sH24N305S: Calcd. (%):
C,70.69; H,5.76; N,4.71; S,5.39 Found (%): C,71.13;
H,6.01; N 4.38; §,5.40
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EXAMPLE 129
Preparation of ethyl

3-[(2-mercaptoﬁ1ethyl-3-phenylpropionyl)amino]benzo- |

ate

Ethyl  3-[(2-acetylthiomethyl-3-phenylpropionyl)-
amino]benzoate (compound of Example 68-(a)-[1]) (2.0
g) is dissolved in a 80% aqueous acetonitrile, and
thereto is added pyrrolidine (0.5 g), and the mixture is
stirred at room temperature for 30 minutes. The mixture

10

is adjusted to pH 5.0 with 10% hydrochloric acid, and

acetonitrile is distilled off under reduced pressure, and
the residue is extracted with ethy! acetate (50 ml). The
extract is washed with water, and ethyl acetate is dis-
tilled off under reduced pressure. The residue is purified
by a medium pressure column chromatography with
CHP-20P (eluant, water-acetonitrile). The fractions
-~ containing the desired compound are collected, and
acetonitrile is distilled off under reduced pressure. The
aqueous solution is extracted with ethyl acetate (50 ml),
and the extract is dried over anhydrous magnesium
sulfate, and ethyl acetate is distilled off under reduced
pressure to give the title compound (0.5 g) as an oily
substance. IR (film; cm—1): 1710, 1660 Elementary
analysis for Ci19H21NO3S: Caled. (%): C,66.45; H,6.16;
N,4.08; S,9.34 Found (%): C,66.37;, H,6.25; N,4.04;
S,9.05

EXAMPLE 130

Preparation of methyl
3-[(2-mercaptomethyl-3-phenylipropionyl)amino]benzo-
ate

In the same manner as described in Example 129,
there is prepared the title compound as an oily sub-
stance. IR (film; cm—1): 1720, 1660

Elementary analysis for CigHi9NO3S: Caled. (%):
C,65.63; H,5.81; N,4.25; S,9.73 Found (%): C,65.27;
H,5.87; N,4.48; S,9.57

EXAMPLE 131

Preparation of 1sopentyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
ate -

In the same manner as described in Example 129,
there is prepared the title compound as an oily sub-
stance. IR (film; cm—1!): 1710, 1660

Elementary analysis for C22H»7NO;3S: Caled. (%):
C,68.54; H,7.06; N,3.63; S,8.32 Found (%): C,68.32;
H,6.99; N,3.78; S,8.53

EXAMPLE 132

- Preparation of cyclohexylmethyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
' ' ate A

In the same manner as described in Example 129,
there is prepared the title compound as an oily sub-
stance. IR (film; cm—1): 1720, 1660

Elementary analysis for C4H23sN0;3S.0.25H,0:
Calcd. (%): C,69.45; H,6.92; N,3.37; S,7.82 Found (%):
C,69.68; H,7.13; N,3.33; §,7.73
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EXAMPLE 133

| Preparatibn of 2-piperidi_noethyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
ate

In the same manner as described in Example 129
except the crude product obtained in Example 112 is
used, there is prepared the title compound. IR (film;
cm—1): 1720, 1670 Elementary analysis for
C24H30N203S.CF3COOH: Calced. (%): C,57.77; H,5.78;
F,10.54; N,5.18; S,5.93 Found (%): C,57.36; H,5.80;
F,10.25; N,5.16; S,6.33 '

EXAMPLE 134

Preparation of 1-methyl-2-piperidinylmethyl
3-[(2-mercaptomethyl 3 |
phenylpropionyl)amino]benzoate (a mixture of
diastereomers)

In the same manner as described in Example 129
except that the crude product obtained in Example 113
i1s used, there 1s prepared the title compound. m.p.:
68°-69° C. (amorphous) IR (KBr; cm—1): 1715, 1660
Elementary analysis for C24H30N203S.0.9CF-
3COOH.0.5H,0: Calcd. (%): C,57.58; H,5.97; F,9.53;
N,5.21; §,5.96 Found (%): C,51.77; H,5.91; F,9.50;
N,5.15; §,6.10

EXAMPLE 135

Preparation of 2-dimethylaminoethyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
ate

In the same manner as described in Example 129
except that the crude product obtained in Example 114
is used, there is prepared the title compound as an oily |
substance. IR (film; cm—1): 1720, 1670 |

Elementary analysis for Ci21H26N203S8.0.5CF-
3COOH.H,0: Calcd. (%): C,57.25; H,6.22; F,6.17;
N,6.07; S,6.95 Found (%): C,56.82; H597 F,6.10;
N,6.08; S,7.19 |

EXAMPLE 136
Preparation of 3-pyridylmethyl 3-[(2-mercaptometh-

yl-3-phenylpropionyl)amino]benzoate:

50 .

60

635

In the same manner as described in Example 129

except that the crude product obtained in Example 115
is used, there is prepared the title compound as an oily

substance. IR (film; cm—1): 1700, 1680

Elementary analysis for Cz3H2:N2038.0.25H,0:
Calcd. (%): C,67.21; H,5.52; N,6.82; S,7.80 Found (%):
s C,67.34; H,5.44; N,6.62; S,7.84 '

EXAMPLE 137

Preparation of 2 phenoxyethyl _
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
-- ate -

In the same manner as described in Example 129,
there is prepared the title compound as an oily sub-
stance. m.p.: 98°-100° C. (amorphous) IR (KBr; cm—1):
1720, 1660 | | .

Elementary analysis for CysHasNO4S.0.25H,0:
Calcd. (%): C,68.24; H,5.84; N,3.18; S,7.29 Found (%):
C6834 H,5.65; N,3.10; S,7.05 |
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EXAMPLE 138

Preparation of pivaloyloxymethyl
3-{(2-mercaptomethyl-3-phenylpropionyl)amino}benzo-
ate

(1) 2-Acetylthiomethyl-3-phenylpropionic acid (18.5
g) 1s mixed with 70% aqueéous methanol (100 ml), and

the mixture is stirred at room temperature for one hour

under nitrogen while maintaining at pH 13.0 with 20%
aqueous sodium hydroxide solution, and thereafter the
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mixture is adjusted to pH 2.0 with 20% hydrochloric

acid, and methanol is distilled off under reduced pres-
sure. The residue is purified by a column chromatogra-
phy using Diaion HP-20 (eluant, water-acetonitrile).
The fractions containing the desired compound are
collected and acetonitrile is distilled off under reduced
pressure. The aqueous solution is extracted with ethyl
acetate. The extract is dried over anhydrous magnesium
sulfate, and ethyl acetate is distilled off under reduced
pressure to give 2-mercaptomethyl-3-phenylpropionic
acid (8 g) as a colorless oily substance. IR (film; cm—1):
1700

Elementary analysis for Cj;oH20,S: Caled. (%):
C,61.20; H,6.16; S,16.34 Found (%): C,61. 30; H,6.07;
S,16.56

(2) A mixture of the compound prepared in the above
(1) (3.9 g), thionyl chloride (3 ml) and chloroform (30
ml) 1s refluxed for 30 minutes. The reaction mixture is
concentrated under reduced pressure, and the residue is
dissolved in chloroform (30 ml).

Separately, pivaloyloxymethyl 3-(t-butyloxycar-
bonylamino)benzoate [compound of Example 118-(1)]
(7 g) 1s mixed with trifluoroacetic acid (7 ml), and the
mixture is stirred at room temperature for 30 minutes.

The reaction mixture (containing pivaloyloxymethyl

3-aminobenzoate) is concentrated under reduced pres-
sure and dissolved in tetrahyrofuran (30 ml). To the
solution is added dropwise the solution of the acid chlo-
‘ride prepared above in chloro form with stirring under
ice cooling. After neutralizing with triethylamine, the
mixture is stirred under ice cooling for 30 minutes and
further at room temperature for one hour, and concen-
trated under reduced pressure, and the residue is ex-

tracted with ethyl acetate (100 ml). The extract is

washed with water, and ethyl acetate is. distilled off
under reduced pressure. To the residue are added aceto-
nitrile (50 ml), acetic acid (10 ml) and zinc.dust (5 g),
and the mixture is stirred at room temperature for one
hour. After filtering off zinc dust, the filtrate is concen-
trated and extracted with ethyl acetate (100 ml). The
extract 1s washed with water, dried over anhydrous
magnesium sulfate, and ethyl acetate is distilled off
under reduced pressure. The residue is purified by a
medium pressure column chromatography using silica
gel (eluant, chloroform-methanol). The fractions con-
taining the desired compound are collected, and the
solvent is distilled off under reduced pressure to give
the title compound (2.5 g) as an oily substance. IR (film;
cm—1): 1740, 1690, 1660

Elementary analysis for Cy3H7NOsS: Caled. (%):
C,64.31; H,6.34; N,3.26; S,7.46 Found (%): C,64.10:
H,6.61; N,3.38; S,7.58
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EXAMPLE 139

Preparation of 4-(t
butyloxycarbonylaminomethyl)-benzyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-ben-
zoate:

N,N'-[3,3'-dithiobis(2-benzylpropionyl)]bis(3-
aminobenzoic acid) (compound of Example 109) (0.61
g), 4-dimethylaminopyridine (0.02 g) and 4-(t-butylox-
ycarbonylaminomethyl)benzyl alcohol (0.46 g) are sus-
pended in dichloromethane (50 ml), and thereto is
added EDC.HCI (0.41 g), and the mixture is stirred at
room temperature three nights. The reaction mixture is
washed with saturated aqueous sodium chloride solu-
tion, dried over anhydrous magnesium sulfte, and the
solvent is distilled off under reduced pressure. The resi-
due 1s dissolved in methanol (30 ml) and thereto are
added acetic acid (4 ml) and zinc dust (1.3 g), and the
mixtue 1s stirred at room temperature overnight. After
methanol 1s distilled off under reduced pressure, the
residue is mixed with water (30 ml) and extracted with

- ethyl acetate. The extract is washed with water, dried
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over anhydrous magnesium sulfate, and ethyl acetate is
distilled off under reduced pressure. The residue is puri-
fied by a medium pressure column chromatography
using silica gel (eluant, chloroform). The fractions con-
taining the desired compound are collected, and chloro-
form’is distilled off under reduced pressure to give the
title compound (0.6 g) as a caramelar substance. IR
(KBr; cm—1): 1715, 1680

Elementary analysis for C30H34N>05S.0. 5H-»O:
Caled. (%): C,66.28; H,6.49; N,5.15; §,5.90 Found (%):
C,66.14; H,6.37; N503 S,5.93

EXAMPLE 140

Preparation of 4 aminomethylbenzyl
3-[(2-mercaptomethyl-3-phenylpropionyl)aminolbenzo-
ate hydrochloride

In the same manner as described in Example 122,

‘there is prepared the title compound. m.p.: 85°-90° C.

(amorphous) IR (KBr; cm—1): 1715, 1650

Elementary analysis for CisHygN203S.HCI.CH-
3COOH Calcd. (%): C,61.06; H,5.88; Cl,6.68; N,5.28;
S,6.04 Found (%): C61 32; H,5.88; Cl,6.26; N544
S,6.28

EXAMPLE 141

Preparation of
2-[3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-
benzoyl]-1, 3-dihexadecanoylpropane-1,2,3-triol;

In the same manner as described in Example 139,
there 1s prepared the title compound. m.p.: 66°-68° C.
(amorphous) IR (KBr; cm—1!): 1740, 1730, 1660

Elementary analysis for CsaHgaNO7S: Caled. (%):
C,72.10; H,9.66; N,1.62; §,3.70 Found (%): C,72.16;
H,9.59; N,1.56; S,3.72

EXAMPLE 142

Preparation of dlethylammocarbonyhﬁethyl
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]benzo-
-ate

N,N’-[3,3'-dithiobis(2-benzylpropionyl)]bis(3-
aminobenzoic acid) (compound of Example 109) (0.68
g) and potassium iodide (0.54 g) are dissolved in DMF
(6 ml), and thereto are added triethylamine (0.22 g) and
2-chloro-N,N-diethylacetamide (0.49 g) with stirring at
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room temperature. After reacting overnight, the reac-  acetonitrile). The fractions containing the desired com-
tion mixture i1s mixed with water and extracted with pound are collected and concentrated into dryness

ethyl acetate. The extract is washed with water and  ynder reduced pressure to give the title compound (0.54

dried over anhydrous magnesium sulfate, and then ethyl
acetate is distilled off under reduced pressure. The resi-

5
due is dissolved in methanol (35 ml) and thereto are 168]3 exilﬁejlota ry analysis for CyeHasNO4S: Caled. (%):
added water (one drop), acetic acid (2 ml) and zinc dust C,69.78: H, 5y63 N,3.13: S.7. 21 p ;"oun d (%): C,69.56;
(0.77 g), and the mixture 1s stirred at room temperature H 5.62: N,3.30: S.7.02 ¢
overnight. After methanol 1s distilled off under reduced | |
pressure, the mixture is mixed with water (30 ml) and 10 EXAMPLE 146
extracted with ethyl acetate. The extract is washed with
water, dried over anhydrous magnesium sulfate, and Preparation of
ethyl acetate is distilled off under reduced pressure. The  3-[{2- (1-naphthalenecarbonylthlomethyl-B-phenylpro-
residue is purified by a medium pressure column chro- pionyl)amino]-2-methylbenzoic acid
matograpl}y with CH'P_-ZOP (eluant: water-acetonitrile). 15  1p the same manner as described in Example 145,
The fractions containing the desired compound are  (pere i prepared the title compound. m.p.: 139°-150° C.
collected and concentrated under reduced pressure, and (amorphous) IR (KBr; cm—1): 1680, 1670, 1650
the precipitates are separated by filtration to give the Elementary an alysi;; for C;gstﬂIOa,S-, Caled. (%):
title compound (0.47 g). m.p.: 160°~163° C. (amorphous) C.72.03- H:521: N2.90: S.6.63 Found '(,7 ) C"!l 65:
IR (KBr; cm—1): 1720, 1680, 1630 20 1 10 AT Od kg 701 B DR
Elementary analysis for C23H23N204S 0. 2SH20 H,3.18; N,2.94; §,6.34
Calcd. (%): C,63.79; H,6.63; N,6.47; S,7.40 Found (%): EXAMPLE 147
C,64.05; H659 N662 S716 _ |
Preparation of
_ EXAMPLE 143 55 3-[[2-(2-furancarbonylthiomethyl)-3-phenylpropionyl-
Preparation of N [3 [(2 ]amino]-Z-methylbenzoic acid
mercaptomethy] 3- phenylprOplonyl)amlno]benzoyl]g- In the same manner as described in Example 145,
lycine there is prepared the title compound. m.p.: 113°-116° C.
In the same manner as described in Example 68-(a)- (amorphous) IR (KBr; cm—1): 1680, 1650, 1640
[2], there is prepared the title compound. m.p.: 80°-83° 3 Elementary analysis for C3H21NOsS: Calcd. (%):
C. (amorphous) IR (KBr; cm—1): 1720, 1650 | C,65.23; H,5.00; N,3.31; S,7.57 Found (%): C,64.99;
Elementary analysis for Cj;9HoN204S.0.25H,0: H,4.93; N,3.44; S,7.78
Calcd. (%): C,60.54; H,5.48; N,7.43; §,8. 51 Found (%):
C,60.74; H,5.41; N,7.52; S,8.32 g EXAMPLE 148
- Preparation of
EXAMPITE 144 3-[(2-decanoylthiomethyl- 2-phenylproplonyl)annno] 2-
Preparation of . _ methylbenzoic acid .
N-[3-[(2-mercaptomethyl-3-phenylpropionyl)amino]- | |
benzoyl]-L-phenylalanine (a mixture of diastereomers) In the same manner as described in Example 145,
: . 40 there is prepared the title compound. m.p.: 105°-111° C.
In the same manner as described in Example 68-(a)- (amorphous) IR (KBr; cm—1): 1690, 1740
g],(there i; pre)pla]lf %}é%e title C?)mf;j;él dl' 6!;16p-: 83°-85" Elementary analysis for CysH37NO4S: Calcd. (%):
. (amorphous r; cm— 1) , 16
Elementary analysis for Cy¢H26N204S.0.5H50: 5139623 N}; ; 97 I S ? 63190 $,6.63 Found (%): C,69.54;
Calcd. (%): C,66.22; H,5.77; N,5.94; §,6.80 Found (%): ,, "7 "> =77 ™™
C,66.49; H,5.93; N,5.83; §,6.91 EXAMPLE 149
EXAMPLE 145 Preparation of 3-[2
Preparation of phenoxyacetylthiomethyl- 3-phenylpr0plonyl)ammo] 2-
3-[(2-phenylacetylthiomethyl-3-phenylpropionyl- 4, methylbenzoic acid

)amino]-2-methylbenzoic acid

3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-2-
- methylbenzoic acid (compound of Example 7) (0.66 g)
is dissolved in 1N aqueous sodium hydroxide solution,

and the mixture is added dropwise to a solution of 55
' H,5.28; N,3.11; S,7.03

phenylacetyl chloride (0.31 g) in tetrahydrofuran (20
ml) under ice cooling. The mixture is adjusted to pH 7.6
with 1N aqueous sodium hydroxide solution and stirred
at the same temperature for 30 minutes and further at

g). m.p.: 135°-137° C. (amorphous) IR (KBr; cm—1):

In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 130°-132° C,
(amorphous) IR (KBr; cm—1): 1680, 1645

Elementary analysis for CysH2sNOsS: Calcd. (%)
C,67.37; H,5.44; N,3.02; S,6.92 Found (%): C,67.30;

EXAMPLE 150

Preparation of

room temperature for one hour, and then acidified with 60  3_[[2.(2-thienylacetylthiomethyl)-3-phenylpropionyl-
hydrochloric acid. Tetrahydrofuran 1s distilled off Jamino]-2-methylbenzoic acid

under reduced pressure, and the residue is extracted | | L S
with ethyl acetate (80 ml). The extract is washed with In ?he Same manner as described in Exan:ple 145,
saturated aqueous sodium chloride solution and dried  thereis prepared the title compound. m.p.: 134°-137° C.
over anhydrous sodium sulfate, and then ethy! acetate is 65 (amorphous) IR (KBr; cm—1): 1685, 1645

distilled off under reduced pressure. The residue is dis-

solved in acetonitrile and purified by a medium pressure

column chromatography with CHP-20P (eluant, water-

Elementary analysis for CogH33NO4S2: Calcd. (%):
C,63.55; H,5.11; N,3.09; S,14.14 Found (%) C,63.63;
H,4.93; N,3.17; 51394 |
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EXAMPLE 151

Preparation of
3-[{2-(3-pyridinecarbonylthiomethyl)-3-phenylpro-
pionyl]lamino}-2-methylbenzoic acid

In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 80°-86° C.
(amorphous) IR (KBr; cm—1): 1660, 1650

36 |
Elementary analysis for C3H21NO4S,: Caled. (%):
C,62.85; H,4.82; N,3.19; §,14.59 Found (%): C,62.93;
H,4.88; N,3.25; §,14.45

EXAMPLE 157

Preparation of 3-[(2-pivaloylthiomethyl-3
phenylpropionyl)amino]-2-methylbenzoic acid

In the same manner as described in Example 145,

Elementary analysis for Cy4H2:N204S.0.75H20.0.2- 1o there is prepared the title compound. m p.: 117°-120° C.

Sdioxane: Calcd. (%): C,63.88; H,5.47; N,5.96; S,6.82
Found (%): C,63.94; H,5.24; N,6.07; S,6.58

EXAMPLE 152

Preparation of
3-[(2-butyrylthiomethyl-3-phenyl-propionyl)amino]-2-
methylbenzoic acid

In the same manner as described in Example 145,
there i1s prepared the title compound. m p.: 136°-141° C.
(amorphous) IR (KBr; cm—1): 1685, 1655, 1650

Elementary analysis for Cy2HasNO4S: Caled. (%):
C,66.14; H,6.31; N,3.51; S,8.03 Found (%): C,66.15;
H,6.23; N,3.64; S 7.76

EXAMPLE 153

Preparation of
3-[(2-isobutyrylthiomethyl- 3-phenyl-pr0p10nyl)am1no]
2-methylbenzoic acid

In the same manner as described in Example 145,
there 1s prepared the title compound. m.p.: 178°-183° C.
(amorphous) IR (KBr; cm—1): 1680, 1650

Elementary analysis for C2:HsNO4S: Caled. (%):
C,66.14; H,6.31; N,3.51; S,8.03 Found (%): C,66.22;
H,6.19; N,3.61; S,7.86

EXAMPLE 154

Preparation of
3-[(2-valerylthiomethyl-3-phenylpropionyl)amino}-2-
methylbenzoic acid

In the same manner as described in Example 145,
there 1s prepared the title compound. m.p.: 113°-114° C.
(amorphous) IR (KBr; cm—1): 1690, 1645

Elementary analysis for CosHyINO4S: Caled. (%):
C,66.80; H,6.58; N,3.39; §,7.75 Found (%) C,66.90;
H,6.45; N,3.52; S798

EXAMPLE 155

| Preparation of
3-[(2-isovalerylthiomethyl-3-phenylpropionyl)amino]-
2-methylbenzoic acid

In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 118°~120° C.
(amorphous) IR (KBr; cm—1): 1690, 1650

Elementary analysis for Cy3H27NO4S: Caled. (%):
C,66.80; H,6.58; N,3.39; §,7.75 Found (%): C,66.80;
H,6.53; N,3.50: S§,7.74

EXAMPLE 156

Preparation of 3-[[2-(2
thiophenecarbonylthiomethyl)-3-phenylpropionyl-
Jamino]-2-methylbenzoic acid

- In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 164°-167° C.
(amorphous) IR (KBr; cm—1): 1690, 1650, 1630

(amorphous) IR (KBr; cm—1): 1680, 1650

Elementary analysis for Ci3Hi7NO4S: Calced. (%):
C,66.80; H,6.58; N,3.39; S,7.75 Found (%): C,66.91:
H,6.56; N,3.48; §,7.95

EXAMPLE 158

Preparation of 3-[(2-benzoylthiomethyl-3
phenylpropionyl)aminoj2 methylbenzoic acid

In the same manner as described in Example 3, there
is prepared the title compound. m.p.: 204°-205° C.
(amorphous) IR (KBr; cm—1): 1685, 1665, 1650

Elementary analysis for CasH23NO4S: Caled. (%):
C,69.26; H,5.35; N,3.23; S§,7.40 Found (%): C,69.05;

'H,5.20; N,3.08; S,7.40

EXAMPLE 159

Preparation of 3
[(2-d1methylammocarbonylthlomethyl 3-phenylpro-
plonyl)ammo] -2-methylbenzoic acid

3-[(2-Mercaptomethyl-3-phenylpropionyl)amino-2-
methylbenzoic acid (compound of Example 7) (0.66 g)
1s dissolved in pyridine (2 ml), and thereto is added
dimethylaminocarbonyl chloride (0.26 g) with stirring
under ice cooling, and the mixture is stirred under ice
cooling for 2 hours and further at room temperature for
2 hours. To the reaction mixture is added ethyl acetate
(50 ml) and the mixture is washed with saturated aque-
ous citric acid solution and water, dried over anhydrous
magnesium sulfate, and ethyl acetate is distilled off
under reduced pressure. The residue is purified by a
medium pressure column chromatography with CHP-
20P (eluant, water-acetonitrile). The fractions contain-
ing the desired compound are collected and concen-
trated under reduced pressure, and the precipitates are
separated by filtration to give the title compound (0.23
g). m.p.: 84°-87° C. (amorphous) IR (KBr; cm—1): 1710,
1690, 1650

Elementary analysis for C21H24N204S: Caled. (%):
C,62.98; H,6.04; N,6.99; S,8.01 Found (%): C,62.91;
H,6.15; N,7.05; S,7.79

EXAMPLE 160

Preparation of
3- [(2-dlmethylammocarbonylthmmethyl -3-phenylpro-
pionyDamino]-2-methylbenzoic N,
N-dimethylcarbamic anhydride

In Example 159, when the product is purified by a
medium pressure column chromatography, fractions
different from those of the desired compound of Exam-
ple 159 are collected, concentrated under reduced pres-
sure, and extracted with ethyl acetate. The extract is
dried over anhydrous magnesium sulfate, and the sol-
vent is distilled off under reduced pressure to give the
title compound (0.38 g) as an oily substance. IR (film;
cm—1): 1760, 1720, 1655
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Elementary analysis for C24H29N305S: Calcd. (%):

C,61.13; H,6.20; N,8.91; S,6.80 Found (%): C,61.01;
H,6.26; N,8.75; 8679

EXAMPLE 161

Preparation of
3-[(2-propionylthiomethyl-3-phenylpropionyl)amino]-
2-methylbenzoic acid
In the same manner as described in Example 159,

there is prepared the title compound. m.p. 163°-165° C.
(amorphous) IR (KBr; cm—1): 1690, 1650
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Elementary analysis for C2;H23NO4S: Caled. (%):

C,65.43; H,6.01; N,3.63; S,8.32 Found (%): C,65.35;

H,5.85; N,3.78; §,8.43

EXAMPLE 162

Preparation of
3-[(2-cyclohexanecarbonylthiomethyl-3-phenylpro-
pionyl)amino]-2-methylbenzoic acid

In the same manner as described in Example 159,

there is prepared the title compound. m.p.: 117°-120° C.
(amorphous) IR (KBr; cm—1): 1685, 1645
Elementary analysis for CosHaoNO4S: Caled. (%):
C,68.31; H,6.65; N,3.19; §,7.29 Found (%): C,68.07;
H,6.45; N,3.35; §,7.34

EXAMPLE 163

Preparation of
[(2-1sobutyloxycarbonylthlomethyl-3-phenylpro-
pionyl)aminoj}-2-methylbenzoic acid

3-[(2-Mercaptomethyl-3-phenylpropionyl)amino]-2-

methylbenzoic acid (compound of Example 7) (0.66 g)
1s dissolved in a mixture of saturated agueous sodium
hydrogen carbonate solution and tetrahydrofuran (1
ml), and to the mixture is added a solution of i1sobutyl
chloroformate (0.33 g) in tetrahydrofuran (5. ml) with
stirring under ice cooling, and the mixture is stirred
under ice cooling for 30 minutes and further at room
temperature for one hour. The reaction mixture is acidi-
fied with 4N hydrochloric acid and extracted with ethyl
acetate. The extract is washed with water and dried
over anhydrous magnesium sulfate, and the solvent is

distilled off under reduced pressure. The residue is puri-

fied by a medium pressure column chromatography
with CHP-20P (eluant, water-acetonitrile). The frac-

tions containing the desired compound are collected

and concentrated under reduced pressure, and the pre-
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Elementary analy51s for CagH3sNO-S: Ca.lcd (%):
C,63.50; H,6.66; N,2.64; S,6.05 Found (%) C,63. 75;
H,6.44; N 2.61: S,5.90 ~

EXAMPLE 165

Preparation of
3-[[2- [N-(t-buty]oxycarbonyl)glycyltmomethyl] 3-
- phenylpropionyljamino]benzoic acid

3-[(2-Mercaptomethyl-3-phenylpropionyl)aminoj-
benzoic acid (compound of Example 68-(a)-[2]) (0.5 g)
and N-(t-butyloxycarbonyl)glycine N-hydroxysuccini-
mide ester (0.51 g) are dissolved in acetonitrile (40 ml)
and thereto is added triethylamine (0.5 ml), and the
mixture is stirred at room temperature for 40 minutes.
Acetonitrile is distilled off under reduced pressure, and
the residue 1s extracted with ethyl acetate (50 ml). The
extract is washed with 10% aqueous citric acid solution
and saturated aqueous sodium chloride solution, and
then ethyl acetate is distilled off under reduced pres-
sure. The residue is dissolved in acetonitrile and purified
by a medium pressure column chromatography with
CHP-20P (eluant, water-acetonitrile). The fractions
containing the desired compound are collected and
concentrated into dryness under reduced pressure to
give the title compound (0.54 g). m.p.: 76°-80° C.
(amorphous) IR (KBr; cm—1): 1690

Elementary analysis for CysH28N206S.0.5H0:
Calcd. (%): C,59.86; H,6.07; N,5.82; S,6.66 Found (%):
C,60.21; H,6.31; N,5.75; S,6.16

EXAMPLE 166

| Preparation of
3- [(2-glyc:ylth10methyl 3-phenylpmplonyl)amlno]ben-
zoic acid

3-[[2-[N-(t-butyloxycarbonyl)glycylthiomethyl]-3-
phenylpropionyljamino]benzoic acid (compound of
Example 165) (0.43 g) is dissolved in trifluoroacetic acid
(3 ml), and the mixture is stirrred at room temperature

for 30 minutes and adjusted to pH 4.0 with aqueous

sodium hydrogen carbonate solution, and then is puri-
fied by a medium pressure column chromatography
with CHP-20P (eluant, water-acetonitrile). The frac-
tions containing the desired compound are collected
and concentrated under reduced pressure, and thereto is

added dioxane, and the solution is lyophilized to give

the title compound (0.22 g). m.p.: 91°-96° C. (amor-

- phous) IR (KBr; cm—1): 1690, 1660

Cipitates are separated by filtration to give the title com- 50

pound (0.31 g). m.p.: 165°-167° C. (amorphous) IR
(KBr; cm—1): 1700, 1650

Elementary analysis for C23H37NOsS: Caled. (%):
C,64.31; H,6.34; N,3.26; S,7.46 Found (%): C,64.43;
H,6.27; N,3.48; S,7.36

EXAMPLE 164

Preparation of |
3-[(2-i1sobutyloxycarbonylthiomethyl-3-phenylpro-
pionyl)amino]-2-methylbenzoic monoisobutyl carbonic
anhydride

In Example 163, when the product is purified by a
medium pressure column chromatography, fractions
different from those of the desired compound of Exam-
ple 163 are collected and concentrated under reduced

pressure to give the title compound (0 23 g) as an oily

substance.
IR (film; cm—1): 1800, 1740, 1710, 1650

335
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Elementary analysis for C19H20N204S.0.5H20.0.5di-
oxane: Calcd. (%): C,59.28; H,5.92; N,6.58; S,7.54
Found (%): C,59.52; H,5.78; N,6.74; S,7.12

EXAMPLE 167

Preparation of
3- [[2-N-cyclohexanecarbonyl-D-alanylthomethyl 3-
phenylpropionyl)amino}-2-methylbenzoic acid (a
mixture of diastereomers)

N-Cyclohexanecarbonyl-D-alanine (0.3 g) is dis-
solved in tetrahydrofuran (5 ml) and thereto is added
carbonyldiimidazole (0.3 g) with stirring under cooling
with ice-ethanol and the mixture is stirred at the same

temperature for one hour. To the mixture is added 3-[(2-

mercaptomethyl-3-phenylpropionyl)amino]-2-methyl-
benzoic acid (compound of Example 7) (0.5 g), and the
mixture is stirred for 30 minutes and further at room

temperature for 5§ hours. After the reaction, the reaction

mixture is concentrated under reduced pressure, and
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thereto is added water (30 ml). The mixture is adjusted
to pH 3 with saturated aqueous citric acid solution and
extracted with ethyl acetate. The extract i1s washed with
water and dried over anhydrous magnesium sulfate, and
the solvent is distilled off under reduced pressure. The
residue is purified by a medium pressure column chro-
matography with CHP-20P (eluant, water-acetonitrile).
The fractions containing the desired compound are
collected and concentrated under reduced pressure.
The precipitates are separated by filtration to give the
title compound (0.49 g). m.p.: 175°-180° C. (amorphous)
IR (KBr; cm—1): 1685, 1650

Elementary analysis for CasH34N20sS: Caled. (%):
C,65.86; H,6.71; N,5.49; S,6.28 Found (%): C,65.57;
H,6.75; N,5.51; §,6.01

EXAMPLE 168

10
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Preparation of
4-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2-
chlorobenzoic acid

In the same manner as described in Example 27, there
is prepared the title compound. m.p.: 145°-148° C.
(amorphous) IR (KBr; cm—1): 1690, 1660

Elementary analysis for C1gH18CINQO4S: Calcd. (%):
C,58.24; H,4.63; C1,9.05; N,3.57; S,8.18 Found (%):
C,58.50; H,4.77; C1,8.86; N,3.59; §,8.20

EXAMPLE 169

Preparation of
5-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2-
hydroxybenzoic acid

In the same manner as described in Example 27, there
1s prepared the title compound. m.p.: 185°-188° C.
(amorphous) IR (KBr; cm—1): 1690, 1670, 1655

Elementary analysis for CigH19NOsS: Calcd. (%):
- C,61.11; H,5.13; N,3.75; S,8.59 Found (%) C,61.07;
"H,5.16; N,3.75; S,8.66

EXAMPLE 170

Preparation of
3-{(2-acetylthiomethyl-3-phenylpropionyl)amino}-2,5-
dimethylbenzoic acid

In the same manner as described in Example 64, there
is prepared the title compound. m.p. 182°-186° C. (re-
crystallized from aqueous methanol) IR (KBr; cm—1):
1690, 1650 '

Elementary analysis for CyiH23NO4S: Caled. (%):
C,65.43; H,6.01; N,3.63; S,8.32 Found (%): C,65.22;
H,5.85; N,3.57; S,8.38

EXAMPLE 171

Preparation of
4-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2-
hydroxybenzoic acid

In the same manner as described in Example 27, there
i1s prepared the title compound. m.p.: 141°-142° C.
(amorphous) IR (KBr; cm—1): 1680, 1650 |
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Elementary analysis for C19H19NOsS: Calcd. (%)
C,61.11; H,5.13;: N,3.75; S,8.59 Found (%) C,61.00;
H,5.07; N,3.73; S,8.34

EXAMPLE 172

Preparation of
3-[(2-acetylthiomethyl- 3-pheny1pr0plonvl)ammo] -2-
‘naphthalenecarboxylic acid

In the same manner as described in Example 27, there
is prepared the title compound. m.p.: 138°-141° C.
(amorphous)

IR (KBr; cm—1): 1680, 1670

Elementary analysis for Cy3H21NO4S: Caled. (%):
C,67.79; H,5.19; N,3.44; S,7.87 Found (%) C,67.80;
H,5.24; N,3.34; §,7.72 |

EXAMPLE 173

Preparation of
[(2-acety1th10methyl-3-phenylproplony1)am1no] 5-tri1-
fluoromethylbenzoic acid

In the same manner as described in Example 64, there
is prepared the title compound. m.p.: 62°-67° C. (amor-
phous) IR (KBr; cm—1): 1700, 1660 |

Elementary analysis for CogH1sFiNO4S: Caled. (%):
C,56.47; H,4.26; F,13.40; N,3.29; §,7.54 Found (%):
C,56.25; H,4.21; F,13.27; N,3.22; S,7.99

EXAMPLE 174

Preparation of

' 3-[(2-acetylthiomethyl-4-methylpentanoyl)amino]ben-

Zzoic acid

In the same manner as described in Example 27, there
is prepared the title compound. m.p.: 184°-186° C. (col-
orless needles) (recrystallized from 70% aqueous aceto-
nitrile)

cm-1): 1690, 1660 IR (KBr; cm—1): 1690, 1660

Elementary analysis for CigH21NO4S: Caled. (%):
C,59.42; H,6.55; N,4.33; S,9.91 Found (%): C,59.52;
H,6.43; N,4.34; S,9.66

EXAMPLE 175

| Preparation of
3-[(2-acetylthiomethyl-4-methylpentanoyl)amino]-2-
“methylbenzoic acid

In the same manner as described in Example 27, there
i1s prepared the title compound. m.p.: 154°-156° C.

(amorphous) IR (KBr; cm—1): 1690, 1650

Elementary analysis for Cj7H23NO4S: Caled. (%):

'C,60.51; H,6.87, N,4.15; S,9.50 Found (%): C,60.72;

H,6.85; N,4.16; §,9.70

EXAMPLE 176

Preparation of
3-[(2-acetylthiomethyl-4-methylpentanoyl)amino)-5-
methylbenzoic acid

In the same manner as described in Example 27, there
is prepared the title compound. m.p. 185°~187° C. (col-
orless short needles) (recrystallized from 80% aqueous
acetonitrile) IR (KBr; cm—1) 1700, 1680, 1650

Elementary analysis for Cy7H23NO4S: Caled. (%):
C,60.51; H,6.87; N.,4.15; S,9.50 Found (%): C,60.63;

H,6.88; N,4.15; S§,9.73
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EXAMPLE 177

Preparation of
3-[(2-acetylthiomethyl-3-phenylpropionyl)amino]-2,6-
dimethylbenzoic acid:

In the same manner as described in Example 64, there
1s prepared the title compound. m.p.: 187°-189° C.
(amorphous) IR (KBr; cm—1): 1680, 1630 |

Elementary analysis for C1H24NQO4S: Caicd. (%):
C,65.43; H,6.01; N,3.63; S,8.32 Found (%): C,65.31;
H,5.92; N,3.62; S,8.16 _

EXAMPLE 178

Preparation of |
3-[[2-acetylthiomethyl-3-(4-methylphenyl)propionyl-
Jamino]-2-methylbenzoic acid

In the same manner as described in Example 27, there
is prepared the title compound. m.p.: 206°~208° C. (col-
orless short needles) (recrystallized from 90% aqueous
acetonitrile) IR (KBr; cm—): 1680, 1650
- Elementary analysis for Cz1H23NO4S: Caled. (%):
C,65.43; H,6.01; N,3.63; S,8.31 Found (%): C,65.58;
H,5.91; N,3.53; §,8.40

EXAMPLE 179

Preparation of
3-[(2-acetylthiomethyl- 3-pheny]pr0plony1)ammo]-4 (1-
pyrrolidinylmethyl)benzoic acid

(1) 4-Bromomethyl-3-nitrobenzoic acid (10 g) is dis-
solved in dichloromethane (100 ml) and thereto is added
dropwise pyrrolidine (8 g) with stirring under ice cool-

ing, and the mixture is stirred at room temperature for .

30 minutes. Dichloromethane is distilled off under re-
duced pressure, and the residue i1s dissolved in conc.
hydrochloric acid (40 ml) and thereto is added water
(10 ml) with stirring under ice cooling and further is
added tin (3.4 g), and the mixture is stirred under ice
cooling for 1.5 hour. The reaction mixture is neutralized
with 10N aqueous sodium hydroxide solution, and the
catalyst is filtered off and the filtrate is concentrated.
The residue 1s dissolved in water and purified by a me-
dium pressure column chromatography with CHP-20P
(eluant, water-acetonitrile). The fractions containing
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EXAMPLE 180

Preparation of
4-[(2-mercaptomethyl-3-phenylpropionyl)amino]-2-
chlorobenzoic acid

In the same manner as described in Example 2, there
is prepared the title compound. m.p.: 65° -70“ C. (amor-
phous) IR (KBr; cm—1): 1690 |

Elementary analysis for C;-;H;GCINO_:,S 0.4H»0.0.-
4dioxane: Calcd. (%): C,56.95; H,5.14; C1,9.04; N,3.57;

S,8.17 Found (%): C,57.10; H,4.84; C19.10; N,3.81;

S,7.92
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- is prepared the title compound. m.p.:
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the desired compound are collected, and concentrated

into dryness under reduced pressure to give 3-amino-4-
(1-pyrrohdinylmethyl)benzoic acid (7.2 g).

(2) The compound prepared in the above (1) (2.8 g) is
dissolved in a 60% aqueous solution of tetrahydrofuran
(25 ml) containing sodium hydrogen carbonate (1.1 g),
and to the mixture is added dropwise a solution of 2-

acetylthiomethyl-3-phenylpropionyl chloride (2.1 g) in

tetrahydrofuran (10 ml) with stirring under ice cooling,
and the mixture is stirred at room temperature for one
hour. Tetrahydrofuran is distilled off under reduced
pressure, and the residue is dissolved in a mixture of
water and acetonitrile and purified by a medium pres-
sure column chromatography with CHP-20P (eluant,
water-acetonitrile). The fractions containing the desired
compound are collected and concentrated into dryness
under reduced pressure to give the title compound (0.25
g). m.p.: 95°-98° C. (amorphous) IR (KBr; cm—1): 1690
Elementary analysis for CasH2gN204S.0.75H,0:
- Calcd. (%) C,63.48; H,6.55; N,6.17; S,7.06 Found (%)
C,63.58; H,6.33; N,6.21; S,7.08 |
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EXAMPLE 181

Preparation of
5-[(2-mercaptomethyl- 3-phenylpr0p10nyl)ammo]-2-
hydroxybenzoic acid

In the same manner as described in Example 2, there
1s prepared the title compound. m.p.: 206°-209° C.
(amorphous) IR (KBr; cm—1): 1650, 1620

Elementary analysis for Ci7H17NQO4S: Calcd. (%):
C,61.62; H,5.17; N,4.23; §,9.68 Found (%): C,61.69;
H,5.25; N,4.17; S,9.67

EXAMPLE 182

Preparation of
3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-2,5-
dimethylbenzoic acid

In the same manner as described in Example 65, there
180°-182° C. (re-
crystallized from aqueous acetonitrile) IR (KBr; cm—1):
1690, 1650

- Elementary analysis for C19H21NO3S Calcd. (%):
C,66.45; H,6.16; N,4.08; S,9.34 Found (%): C,66.52;
H,6.08; N,4.06; S,9.21

EXAMPLE 183

Preparation of 4-[(2-mercapt0methyl -3-phenylpro-
pionyl)amino]-2-hydroxybenzoic acid: |

In the same manner as described in Example 2, there
is prepared the title compound. m.p 166°-170° C. (amor-
phous) IR (KBr; cm—1): 1650

Elementary analysis for Cy7H1sNO4S: Calcd. (%):
C,61.62; H,5.17; N,4.23; S,9.68 Found (%): C,61.70;

‘H,5.14; N,4.08; S,9.32

EXAMPLE 184

Preparation of
3-[(2-mercaptomethyl 3-phenylpr0pmnyl)ammo]-2-
naphthalenecarboxylic acid

In the same manner as described in Example 2, there
i1s prepared the title compound. m.p.: 180°-182° C.
(amorphous) IR (KBr; cm-1): 1680, 1660, 1650

- Elementary analysis for C21HjoNO3S: Calcd. (%)
C6902 H,5.24; N,3.83; §,8.77 Found (%): C,68.95;

- H,5.20; N,3.82; S,8.68
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EXAMPLE 185

Preparation of
3- [(2 mercaptomethyl-3-phenylpropionyl)amino]-5-tri-
fluoromethylbenzoic acid

In the same manner as described in Example 65, there

1is prepared the title compound. m.p.: 71°-74° C. (amor-

phous) IR (KBr; cm—1): 1700, 1660
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Elementary analysis for C1sH16F3NO3S: Caled. (%)
C,56.39; H4.21; F,14.87; N,3.65; S,8.36 Found (%)
C,56.16; H,4.18; F,15.03; N,3.68; S,8.86

EXAMPLE 186

Preparation of
3-[(2-mercaptomethyl-4-methylpentanoyl)amino]ben-
zoic acid

In the same manner as described in Example 2, there
1s prepared the title compound. m.p.: >200° C. (amor-
phous) IR (KBr; cm—1): 1700, 1680, 1650

Elementary analysis for CjsH19NO3S: Caled. (%)
C,59.76; H,6.81; N,4.98; S,11.40 Found (%): C,60.04;
H,6.67; N,5.03; S,11.16

EXAMPLE 187

Preparation of
3-[(2-mercaptomethyl-4-methylpentanoyl)amino]-2-
methylbenzoic acid

3-[(2-Acetylthiomethyl-4-methylpentanoyl)amino]-2-
methylbenzoic acid (compound of Example 175) (3 g),
70% aqueous methanol (30 ml) and pyrrolidine (2.2 g)
are mixed, and the mixture is stirred at room tempera-
ture for 30 minutes. The reaction mixture is adjusted to
pH 3.0 with 10% hydrochloric acid, and methanol is
distilled off under reduced pressure. The precipitated
crystals are separated by filtration and dissolved in 50%
aqueous acetonitrile and purified by a column chroma-
tography using Diaion HP-20 (eluant, water-acetoni-
trile). The fractions containing the desired compound
are collected and acetonitrile is distilled off under re-
duced pressure, and the precipitated crystals are sepa-
rated by filtration to give the title compound (2 g). m.p.:
166°-168° C. (colorless needles) IR (KBr; cm—1): 1690,
1660
. Elementary analysis for C15H21NO3S Calcd. (%):

C,60.99; H,7.17; N,4.74; §,10.85 Found (%): C,60.80;
H,7.17; N,4.73; S,10.91

EXAMPLE 188

Preparation of
3-[(2-mercaptomethyl-4-methylpentanoyl)amino}-5-
methylbenzoic acid

In the same manner as described in Example 187,
there is prepared the title compound. m.p.: 193°-195° C.
(amorphous) IR (KBr; cm—1): 1690, 1650

Elementary analysis for CyjsH1NO3S: Caled. (%):
C,60.99; H,7.17; N,4.74; S,10.85 Found (%) C,61.16;
H,7.15; N,4.81; §,10.72

EXAMPLE 189

Preparation of solid solution of
3-[(2-mercaptomethyl-4-methylpentanoyl)amino]-5-
methylbenzoic acid with glycine

In the same manner as described in Example 87, there
1s prepared the title compound. m.p.: 187°-189° C.
(amorphous) IR (KBr; cm—1): 1710 (weak), 1680, 1650

Elementary  analysis for CisH21NO3S.C2H-
sNO2.0.75H,0: Calcd. (%): C,53.18; H,7.22; N,7.30;
S,8.35 Found (%): C,53.65; H,6.98; N,7.67; S,7.92
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EXAMPLE 190
Preparation of

3-[(2-mercaptomethyl-3-phenylpropionyl)amino]-2,6-
dimethylbenzoic acid

In the same manner as described in Example 65, there
is prepared the title compound. m.p.: 180°-181° C.
(amorphous) IR (KBr; cm—1): 1680, 1640

Elementary analysis for Cj9H21NO3S: Calcd. (%):
C,66.45; H,6.16; N,4.08; S,9.34 Found (%): C,66.47;
H,5.89; N,4.20; S,9.07

EXAMPLE 191

Preparation of
3-[[2-mercaptomethyl-3-(4-methylphenyl)propionyl-
Jamino]}-2-methylbenzoic acid

In the same manner as described in Example 187,
there 1s prepared the title compound. m.p.: 194°~196° C.
(amorphous) IR (KBr; cm—1): 1690, 1650

Elementary analysis for CigH21NO3S: Calcd. (%):
C,66.45; H,6.16; N,4.08; S,9.34 Found (%): C,66.42;
H,6.19; N,4.15; §,9.22

EXAMPLE 192

Preparation of
N,N’-[3, 3'-dlthlobls(Z-benzylpr0p10nyl)]bls[3-am1no-4-
(1-pyrrolidinylmethyl) benzoic acid (a mixture of
‘diastereomers)

3-[(2-Acetylthiomethyl-3-phenylpropionyl)amino]-4-
(1-pyrrolidinylmethyl)benzoic acid (compound of Ex-
ample 179) (0.2 g) is dissolved in IN aqueous sodium
hydroxide solution (1 ml), and the mixture is stirred at
room temperature for 30 minutes. The reaction mixture
1s neutralized with 10% hydrochloric acid and purified
by a medium pressure column chromatography with
CHP-20P (eluant, water-acetonitrile). The fractions
containing the desired compound are collected and
concentrated into dryness to give the title compound
0.1 g). m.p.: 113°-116° C. (amorphous) IR (KBr;
cm—1): 1680, 1600

Elementary analysis for C44H50N40682 0.75H,0:
Calcd. (%): C,65.36; H,6.42; N,6.93; S,7.93 Found (%):
C,65.08; H,6.46; N676 S,8.13

EXAMPLE 193

Preparation of
N,N'-{3,3'-dithiobis(2-benzylpropionyl)}bis(3-amino-4-
dimethylamimomethylbenzoic acid) (a mixture of
diastereomers)

In the same manner as described in Example 192,
there 1s prepared the title compound. m.p.: 115°-118° C.
(amorphous) IR (KBr; cm—1): 1680, 1600

Elementary analysis for C40H46N4065:.0.5H,0:
Calcd. (%): C,63.89; H,6.30; N,7.45; S,8.53 Found (%):
C,63.86; H,6.43; N,7.49; S,8.28 |

EXAMPLE 194

Preparation of *
3-[(3-mercapto-2-benzylbutanoyl)-amino}benzoic acid
(a mixture of diastereomers)

(1) Methyl 2-acetyl-3-phenylpropionate (60 g) is dis-
solved 1 methanol (300 ml), and thereto is added por-
tionwise sodium boro hydride (2.9 g) with stlmng
under ice cooling, and the mixture is stirred under ice
cooling from 2 hours. The reaction mixture is adjusted

to pH 1 with 10% hydrochloric acid, and methanol is
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distilled off under reduced pressure. The residue is ex-
tracted with ethyl acetate. The extract is washed with
diluted aqueous sodium hydrogen carbonate solution

and saturated aqueous sodium chloride solution, dried

over anhydrous sodium sulfate, and ethyl acetate is
distilled off under reduced pressure to give methyl 2-(1-
hydroxyethyl)-3-phenylpropionate (60.4 g). IR (film;
cm—1): 3400 (broad), 1730

(2) The compound prepared in the above (1) (60 g) is
dissolved in dioxane (240 ml) and thereto is added 6N
aqueous sodium hydroxide solution (62 ml) with stirring
under ice cooling, and the mixture is stirred at room
temperature for one hour. The reaction mixture is ad-
justed to pH 1 with 10% hydrochloric acid, and dioxane
is distilled off under reduced pressure, and the residue is
extracted with ethyl acetate. The extract is washed with
diluted aqueous sodium hydrogen carbonate solution
and saturated aqueous sodium chloride solution, dried
over anhydrous sodium sulfate, and ethyl acetate is
distilled off under reduced pressure to give 2-(1-hydrox-
yethyl)-3-phenylpropionic acid (54.3 g). IR (KBr;
cm—1): 1700

(3) The compound prepared in the above (2) (5 g) and

ethyl 3-aminobenzoate (4.3 g) are suspended in dichlo-
romethane (25 ml), and thereto is added EDC.HCI1 (4.9
g). The mixture is stirred at room temperature for one
hour. The reaction mixture is diluted with dichloro-
methane and washed with 10% hydrochloric acid, di-
luted aqueous sodium hydrogen carbonate solution and
saturated aqueous sodium chloride solution in this or-
der, dried over anhydrous sodium sulfate, and dichloro-
methane is distilled off under reduced pressure. The
residue 1s dissolved in dichloromethane (25 ml) and
thereto is added triethylamine (3.5 g) and further added
dropwise methanesulfonyl chloride (3.9 g) with stirring
under ice cooling, and the mixture is stirred at room
temperature for one hour. The reaction mixture is di-
luted with dichloromethane and washed with 10% hy-
drochloric acid, diluted aqueous sodium hydrogen car-
bonate solution and saturated aqueous sodium chloride
solution in this order, dried over anhydrous sodium
sulfate, and dichloromethane is distilled off under re-

duced pressure. The residue is dissolved in ethano] (100

ml) and thereto is added potassium thioacetate (3.2 g),
and the mixture i1s refluxed for 48 hours. Ethanol is
distilled off under reduced pressure, and the residue is
extracted with ethyl acetate. The extract is washed with
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and then ethyl acetate is distilled off under reduced

pressure. The residue is dissolved in acetonitrile and
purified by a medium pressure column chromatography
with CHP-20P (eluant, 'water-acetonitrile). The frac-
tions containing the desired compound are collected
and concentrated into dryness under reduced pressure
192°-196° C.
(amorphous) IR (KBr; cm—1): 1690, 1650, 1590
Elementary analysis for CisHi9NO3S: Calcd. (%):
C,65.63; H,5.81; N,4.25; S973 Found (%) C,65.42;
H,5.75; N,4.30; S968 - -

EXAMPLE 195

Preparation of 3- [(3-aoetylthio-2-benzylbutanoyl)-
ammo]benzolc acid (a mixture of diastereomers)
3-[(3-Mercapto-2-benzylbutanoyl)amino]benzoic acid

 (compound of Example 194) (1.7 g) is suspended in

dichloromethane (17 ml), and thereto is added triethyl-
amine (0.52 g)with stirring under ice cooling. To the
mixture are further added dropwise acetyl chloride
(0.51 g) and triethylamine (0.52 g) simultaneously, and
the mixture is stirred at room temperature for one hour.

 The reaction mixture is diluted with dichloromethane
~ and washed with 10% hydrochloric acid and saturated
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10% hydrochloric acid, diluted agqueous sodium hydro-

gen carbonate solution and saturated aqueous sodium

chloride solution in this order, and ethyl acetate is dis-
tilled off under reduced pressure. The residue is dis-

solved in acetonitrile and purified by a medium pressure

column chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected and concentrated into dryness
under reduced pressure to give ethyl 3-[(3-acetylthio-2-
benzylbutanoyl)aminolbenzoate (1.4 g). IR (film;
cm—1): 1720, 1690, 1660

(4) The compound prepared in the above (3) (0.9 g) iS
dissolved in dioxane (9 ml), and thereto is added IN

aqueous sodium hydroxide solution (7.3 ml) with stir-

ring under ice cooling, and the mixture is stirred at
room temperature for one hour under nitrogen. The
mixture 1s adjusted to pH 1 with 10% hydrochloric
acid. Dioxane is distilled off under reduced pressure,
and the residue is extracted with ethyl acetate. The

extract is washed with saturated aqueous sodium chlo-

ride solution and dried over anhydrous sodium sulfate,

50

33

65

aqueous sodium chloride solution and dried over anhy-

- drous sodium sulfate, and then dichloromethane is dis-
tilled off under reduced pressure. The residue is dis-

solved in acetonitrile and purified by a medium pressure
column chromatography with CHP-20P (eluant, water-
acetonitrile). The fractions containing the desired com-
pound are collected and concentrated into dryness
under reduced pressure to give the title compound (0.6
g). m.p.: 180°-182° C. (amorphous) IR (KBr; cm—1):
1680, 1650

- Elementary analysis for Coo0H21NO4S: Caled. (%):
C,64.67; H,5.70; N,3.77; S,8.63 Found (%): C,64.37;
H,5.68; N,3.80; §,8.75 |

EXAMPLE 196

Preparatlon of
3- [(2-proplonylthlomethyl -3-phenylpropionyl)amino]-
S-methylbenzoic acid

In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 151°-153° C.
(amorphous) IR (KBr; cm—!): 1690, 1660

Elementary analysis for C21H23NO4S: Caled. (%):

C,65.43; H,6.01; N,3.63; S,8.32 Found (%): C,65.46:

H,5.92; N,3.55; S,8.45
EXAMPLE 197

| Preparation of
3-[(2-propionylthiomethyl-3-phenylpropionyl)amino]-
5-methylbenzoic acid sodium salt

In the same manner as described in Example 42, there
is prepared the title compound. m.p.: 130°-133° C.

. (amorphous) IR (KBr; cm—!): 1680, 1660

Elementary analysis for C21H22NO4SNa 0.25H,0:

‘Caled. (%): C,61.23; H,5.51; N,3.40; S,7.78: Na,5.58

" Found (%): C,61.39; H,5.45; N,3.39; S,7.52; Na,5.73
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EXAMPLE 198 -continued
Preparation of C1-C4 alkyl C1-Cq alky]
3-[(2-n-butyrylthiomethyl-3-phenylpropionyl)amino]-5- or COOH

methylbenzoic acid

In the same manner as described in Example 145,
there is prepared the title compound. m.p.: 134°-137° C.
(amorphous) IR (KBr; cm—1): 1690, 1655

COOH

or a pharmaceutically acceptable salt thereof.
2. The compound according to claim 1, wherein

—X—R31s |

(C1-Cy)alkyl

COOH

Elementary analysis for CaHasNO4S: Caled. (%): 10
C,66.14; H,6.31; N,3.51; S,8.03 Found (%): C,66.14;
H,6.16; N,3.48; S,8.12

EXAMPLE 199 |

| Preparation of 15

3-[(2-valerylthiomethyl-3-phenylpropionyl)amino]-5-
methylbenzoic acid o

In the same manner as described in Example 145,

there is prepared the title compound. m.p.: 151°~153° C. 20

(amorphous) IR (KBr; cm!): 1690, 1660

Elementary analysis for Ca3H27NO4S: Caled. (%):
C,66.80; H,6.58; N,3.39; S,7.75 Found (%): C,66.71;
H,6.53; N,3.38; S,7.54 |

EXAMPLE 200

Preparation of
3-[(2-isovalerylthiomethyl-3-phenylpropionyl)amino}-
5-methylbenzoic acid

25

In the same manner as described in Example 145, 30

there is prepared the title compound. m.p.: 153°-157° C.
(amorphous) IR (KBr; cm—1): 1690, 1660

Elementary analysis for CysH7NO4S: Caled. (%)
C,66.80; H,6.58; N,3.39; §,7.75 Found (%): C,66.64;
H,6.59; N,3.37; §,7.62

What is claimed 1is:

1. An N-substituted mercaptopropanamide derivative
of the formula:

R4— CO—S—CHz—(l:H—CONH_""X"-R3
CH>

45

‘wherein R4 1s a C1-C4 alkyl group, and —X—R3 is

COOH;! O ¥y

50
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3. The compound according to claim 1, wherein R 1s
(C1-Cr)alkyl-CO-S.

4. The compound according to claim 1, wherein R is
propionylthio.

5. The compound according to claim 1, wherein R is
acetyl thio. ‘

6. The compound according to any one of claims 1, 3,
4 or 5, which is 3-[(2-propionyolthiomethyl-3-phenyl-
propionyl) amino}-5-methylbenzoic acid.

7. The compound according to any one of claims 1, 3,
4 or 6, which is 3-[(2-acethylthiomethyl-3-phenylpro-
pionyl) amino]-5-methylbenzoic acid. o

8. The compound according to any one of claims 1, 3
or §, which 1s 3-[(2-acetylthiomethyl-3-phenylpro-
pionyl)amino]-2-methylbenzoic acid.

9. The compound according to any one of claims 1, 3,
4 or 6 which is 3-[(2-acetylthiomethyl-3-phenylpropio-
nyl) amino]-5-ethylbenzoic acid.

10. A pharmaceutical composition for the treatment
of mild to moderate pain, which comprises an effective
amount of the compound as set forth in claim 1 in ad-
mixture with a pharmaceutically acceptable carrier or
diluent. |

11. The composition according to claim 10, which
comprises an effective amount of 3-[(2-propionylthi-
omethyl-3-phenylpropionyl) amino}-5-methylbenzoic
acid in admixture with a pharmaceutically acceptable
carrier or diluent.

12. A method for the treatment of mild to moderate
pain, which comprises administering an effective
amount of the compound -as set forth in claim 1 to pa-
tients suffering from the pain.

13. The method according to claim 12, which com-
prises administering an effective amount of 3-[(2-pro-
pionylthiomethyl-3-phenylpropionyl) amino]-5-methyl-

benzoic acid to patients suffering from the pain.
* %2 %X % »
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